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ABSTRACT
Systematics and Behavioral Evolution of Spider Wasps (Hymenoptera: Pompilidae)
by
Cecilia Waichert Monteiro, Doctor of Philosophy
Utah State University, 2014
Major Professors: James P. Pitts and Carol D. von Dohlen
Department: Biology
A major area of investigation in evolutionary biology is the evolution of
complex traits. The number of states, the order in which they arise, and the number of
times a trait has evolved interest evolutionary biologists. Such studies are only made
possible by reconstructing phylogenies in the context of the taxa. Biological
investigations rely on accurate species designations and delimitations, and lack of
well-defined taxonomic groups impedes scientific progress.
Pompilidae (Insecta: Hymenoptera), popularly known as spider wasps, are
predatory insects that provision their offspring with spiders as the sole food source.
Adult female wasps attack spiders and paralyze them with venom, then place them in
simple nests that are usually dug in the soil. Spider wasps form a large and
cosmopolitan family with nearly 5,000 described species. Although all Pompilidae
have similar biology, there is considerable variation in the nest construction and
provisioning behavior; thus, this family could be useful for understanding the
evolution of complex behavior.
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My study aims to evaluate and solve several taxonomic conflicts in spider
wasps by reconstructing the complex evolution of behavioral patterns using a
molecular phylogenetic framework. Early stages of sociality are found in spider
wasps, such as communalism (females of same generation nesting together). My
ultimate goal was to study the evolution of communalism in these wasps. I
reconstructed relationships at the subfamily and tribal levels for the family, as well as
generic and specific levels for pre-defined lineages using five nuclear markers (28S,
EF, Pol2, LWRh, Wg), one mitochondrial marker (COI), and morphological
characters. These studies comprise the first attempt to revise generic, tribal, and
species delimitations for spider wasps, based on robust molecular evolutionary trees.
Finally, by studying early stages of social evolution, my results will provide for a
better understanding the evolution of social behavior in Hymenoptera as a whole.
(369 pages)

v

	
  

PUBLIC ABSTRACT
Systematics and Behavioral Evolution of Spider Wasps (Hymenoptera: Pompilidae)
by
Cecilia Waichert Monteiro, Doctor of Philosophy
Utah State University, 2014
Major Professor: James P. Pitts & Carol D. von Dohlen
Department: Biology
Spider wasps form a diverse and widespread group of stinging wasps.
Although all Pompilidae have similar life history characteristics, there is considerable
variation in nesting behavior modes and, thus, this family could be useful for learning
about the evolution of nesting behavior in insects. The nesting behavior of many
species is well known, the family is monophyletic and easily recognized, and certain
species have some degree of pre-sociality, i.e., communal nesting. All these factors
suggest that the Pompilidae are an important model group for understanding
mechanisms and patterns of behavioral evolution.
Pompilidae, however, are rarely studied and their research potential is
drastically hindered by lack of phylogenetic and taxonomic data. In this dissertation, I
sought to overcome the poor resolution of the systematics of the family by
reconstructing relationships using molecular data. I obtained DNA from numerous
spider wasp specimens and analyzed five nuclear and one mitochondrial marker using
Bayesian, maximum likelihood and stochatisc statistical methods implemented in
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several computer programs. These resolved phylogenies allowed me to provide new
nomenclature based on robust phylogenetic analyses. The taxonomy of Pompilidae is
in urgent need of revision at all levels, and dependent upon the high level of
morphological convergence observed. Overall, I have described 12 new species and
proposed nine synonyms and 11 new combinations; I have revalidated one generic
status and proposed two new subfamilies in this dissertation. Moreover, spider wasps
were determined to be more recently evolved than previous studies suggest, dating
from the Paleogene. My results revealed several examples of morphological
convergence, probably due to similar behavioral habits. I have found that spider
wasps are also good models for biogeographic studies, and unexpected phylogenetic
patterns of evolution, such as reversions and multiple origins, were observed in
nesting behavior in Ageniellini. Constructing nests with mud is a key innovation in
the group, present in the members of the diverse Auplopodina sub-tribe.
Understanding complex spider wasp nesting and prey carrying behavior will improve
understanding of crucial first steps needed for hymenopterans to evolve sociality.
(369 pages)
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CHAPTER 1
INTRODUCTION
Spider wasps (Hymenoptera: Pompilidae) are solitary, predatory insects that
provision their offspring with spiders as the sole food source. The family contains
approximately 4,855 described species grouped into 125 genera (Aguiar et al. 2013)
and four subfamilies (Pitts et al. 2006). Members of the group are easily recognized
by having a straight, transverse groove dividing the mesopleuron into upper and
lower halves, and by spiny legs with long spurs on the hind tibia. Although the family
has a cosmopolitan distribution, species diversity is highest in tropical regions
(Wasbauer 1995).
Spider wasps are unquestionably a monophyletic family (Shimizu 1994;
Fernández 2006; Pitts et al. 2006; Pilgrim et al. 2008; Debevec et al. 2012).
Pompilidae is relatively young compared to other Vespoidea families and is as old as
55 Ma, having diversified in the early Paleogene based on phylogentic divergence
time estimation (Wilson et al. 2013) and the fossil record (Rodriguez et al.
submitted).
Pompilid species exhibit a wide array of nesting and foraging behavior.
Females hunt spiders in short flights or while crawling along open ground. They
usually nest in burrows prepared by scraping soil backward with their forelegs (Evans
& Shimizu 1996; Kurczewski 2010; Kurczewski & Edwards 2012), but some species
use spider burrows (Williams 1928), pre-existing cavities (Kurczewski 1981), or
construct aerial nests from mud (Evans & Shimizu 1996; Barthélémy & Pitts 2012).
Prey-carrying mechanisms also vary considerably among species throughout the
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family; these include pulling, pushing, carrying, or flying with the spider to the nest
(Evans & Yoshimoto 1962). Hunting and nesting time also vary. Many species nest
after capturing a spider, which is deposited nearby while the nest is dug, while others
dig the nest before hunting. Finally, some related genera amputate the legs of their
preys, which is considered the most advantageous scenario in prey-carrying behavior
(Evans & Yoshimoto 1962). Many authors have studied and described these different
behaviors, including Evans and Shimizu (1996), Evans and Yoshimoto (1962), and
Kurczewski (1961, 1962). Yet, little attention has been given to the activities of these
wasps in recent years (Wilson & Pitts 2007).
The relationship of Pompilidae to other families of aculeate (stinging)
Hymenoptera, however, has been historically in flux, with systematists in
disagreement. Pompilidae has been proposed as the sister group to five different
aculeate groups (Brothers 1975; Brothers & Carpenter 1993; Brothers 1999; Pilgrim
et al. 2008; Debevec et al. 2012; Heraty et al. 2011). Moreover, the internal
classification of the family is weakly defined. The family and its component
subfamilies have been assigned different names through their taxonomic history.
Tribes in current use have had as many as seven different names in the past. Lastly,
Fernández (2006) suggested that several genera in Pompilidae are not natural groups,
and further studies will be necessary to correctly classify the taxa. Such taxonomic
confusion in the family at all taxonomic levels is mainly due to morphological
homogeneity among species. Higher taxa have been proposed despite of homoplasy
of their characters. Another barrier to studies in Pompilidae is the deficiency in
knowledge of species diversity. Aside from Nearctic and Palearctic, spider wasp
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fauna is poorly known from other regions, lacking taxonomic keys and basic
inventories.
Current taxonomic classification should be based on evolutionary
relationships among the target group of organisms, and thus, taxonomic actions are
better accepted when based on a well-supported phylogenetic trees. Availability of
accurate taxonomic keys and species identification will provide a strong foundation
for evolutionary and ecological studies. This dissertation addresses taxonomic and
evolutionary hypotheses using molecular phylogenetics at several hierarchical levels.
The first research chapter attempts to recognize, discuss and describe the
fauna of Pompilidae in the Dominican Republic. Inventories of fauna are crucial to
ecological and evolutionary investigations and societal conservation policies. We
recorded 32 species of spider wasps from the Dominican Republic, of which four are
newly described; a total of 18 genera of spider wasps were recorded for the
Dominican Republic (see chapter 2). Keys for subfamilies and species of the
Dominican Republic pompilids were elaborated, including associated illustrations.
In chapters 3 and 4, I propose nomenclatural acts based on molecular data and
phylogenetic analyses. Phylogenetic relationships of the spider wasps are recovered
in chapter 3, and new subfamilial delimitations are proposed and discussed based on a
phylogeny resulting from four nuclear markers. Divergence time estimation of
subfamilial clades was performed using four fossil calibration points. The crown
group of Pompilidae dates to a median age of 43.3 Ma, while most of the extant
subfamilies originated during the late Eocene through Oligocene. This is the first
phylogenetic reconstruction of Pompilidae based on molecular data, and has broad
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geographic and taxonomic significance. The following subfamilies and relationships
were proposed: Ctenocerinae + (Ceropalinae + Notocyphinae) + (Sericopompilinae +
(Priochilinae + Pompilinae)) + Pepsinae.
I narrowed the taxonomic focus in chapter 3 by studying species of
Priocnemella Banks. Priocnemella is a small Neotropical genus within Ageniellini
with remarkable morphological variation between species. Some species are small
and variable in color, whereas others are large with black integument and yellow
wings. I conducted a phylogenetic analysis of Priocnemella based on the
mitochondrial gene cytochrome oxidase I and the nuclear marker long-wavelength
rhodopsin. My results indicated that Priocnemella is a paraphyletic genus, supporting
the revalidation of Eragenia Banks (stat.rev.). Eragenia is now recognized as having
16 species, eight of which were newly described. Priocnemella and Phanochilus were
synomymized based on phylogenetic and morphological analyses. Currently, eight
species are placed in Priocnemella. Finally, divergence dates between species of
Eragenia, and ancestral areas and patterns of dispersal that shaped their current
geographic distribution are discussed. Eragenia is approximately 10 Ma old and
originated in Mesoamerica during the Miocene.
Aside from contributions to the systematics of the family, I investigated the
behavioral evolutionary patterns of the Ageniellini spider wasps in chapter 4. One of
the major goals in biology is to understand the evolution of complex traits, such as
animal social behavior (Toth & Robinson 2007). Behavioral traits are best
investigated in taxa with variable stages and relatively recent origins of the trait under
study (Danforth 2002).

5

	
  

Ageniellini (Pepsinae) is a cosmopolitan group that shows high morphological
and behavioral diversity. Ageniellini are notable for their unusual, specialized
behavior associated with prey capture and nesting. They form a monophyletic group
(Shimizu 1994; Pitts et al. 2006) characterized by morphological modifications
believed to be adaptations for their intriguing nesting biology (Evans & Shimizu
1996). Females of some Ageniellini amputate the legs of their spider hosts and exhibit
several species-specific patterns of behavior for hunting and nesting, such as
cleptoparasitism (stealing prey from another wasp), digging and constructing cells in
the soil without using water, constructing cells in clay soil by softening the soil with
water, and building aerial mud nests and communal nests. I reconstructed the
phylogeny of Ageniellini from five nuclear markers, and used it to map prey-transport
and nest-construction behavior into Bayesian, maximum-likelihood, and stochastic
approaches. A single origin for mud nesting was reconstructed, which is associated
with modified morphological features. I found a correlation between mud nesting and
communal behavior. Ageniellini arose around 25.5 Ma, during the late Paleogene –
Oligocene. Shifts in diversification were observed around 16 Ma, which corresponds
to the diversification of mud-nesting clades. My results provide novel information
that contradicts previous hypotheses based on simple to complex evolution in nesting
behavior.
Prey-transport types in Hymenoptera have been proposed as an example of
step-wise evolution leading to increased efficiency. Historically, variable states of a
specific behavior have been ordered in a sequence from simple to complex and
presumed to represent progressively more derived steps in the evolution of the
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behavior, called an ethocline (Wilson 1971; Wenzel 1992). The sequence of the steps
involved in hunting and nest building has been proposed as an example of an
ethocline (Evans 1957), and nesting behavior has been linked to the evolution of
sociality in Hymenoptera (Evans 1957; Evans & Shimizu 1996) (Fig. 1.1). However,
recent phylogenetic investigations have found that the historical ethocline view fails
for various reasons. Gibbs et al. (2012) found a dual origin of social parasitism in a
genus of halictid bees and Gomez-Mestre et al. (2012) found that frogs frequently
bypass many seemingly intermediate stages in the evolution of direct development.
The patterns observed in chapter 4 were unexpected and did not follow an ethocline.
Complex traits had multiple origins and reversals, and communalism arose at least
three independent times in the spider wasps. Communalism is highly correlated with
mud nesting building, the last being considered an evolutionary key innovation that
drove diversification in the group.
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ETHOCLINE IN SPIDER WASPS (POMPILIDAE)
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Figure 1.1. Description of nesting steps used by Ageniellini spider wasps to nest,
arising in parasociality/communalism. Steps are organized as proposed ethoclines.
The first picture illustrates an Anoplius sp. dragging its prey; the second picture
shows Machaerothrix sp. bringing an amputated spider to its mud nest.
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CHAPTER 2
SPIDER WASPS (HYMENOPTERA: POMPILIDAE) OF THE DOMINICAN
REPUBLIC1
Abstract
We recorded 32 species of spider wasps (Hymenoptera: Pompilidae) from the
Dominican Republic, of which four are newly described: Auplopus charlesi Waichert
& Pitts, sp. nov., Dipogon (Dipogon) marlowei Waichert & Pitts, sp. nov.,
Notocyphus anacaona Rodriguez & Pitts, sp. nov., and Priocnessus vancei Waichert
& Pitts, sp. nov. Five species are new records: Ageniella (Ageniella) bruesi (Banks),
Aporinellus medianus Banks, Caliadurgus maestris Alayo, Episyron conterminus
cressoni (Dewitz), and Tachypompilus ferrugineus bicolor (Banks). Pompilus
flavopictus Smith is a junior synonym of Poecilopompilus mixtus (Fabricius), and
Odontaporus simulatrix (Bradley) is junior synonym of Drepanaporus collaris
(Cresson). Aporus (Aporus) antillarum (Bradley) is transferred to Drepanaporus.
Males of Ageniella (Ageniella) domingensis (Banks) and Drepanaporus antillarum
(Bradley) are described and illustrated for the first time. Eight genera are reported
from the Dominican Republic for the first time: Aporinellus, Caliadurgus, Dipogon,
Drepanaporus, Epipompilus, Notocyphus, Priocnemis, and Priocnessus. A total of 18
genera of spider wasps are now recorded for the Dominican Republic. Keys for

1

This chapter was published in Zootaxa in 21 June of 2012 and is reprinted here with
permission. Please cite information from this chapter by using the following reference:
Waichert, C., Rodriguez, J., von Dohlen, C.D. & Pitts, J.P. (2012). Spider wasps
(Hymenoptera: Pompilidae) of the Dominican Republic. Zootaxa, 3353: 1-47.
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subfamilies and species of the Dominican Republic pompilids are provided, as well as
appropriate illustrations.
Introduction
Pompilidae (spider wasps) is a cosmopolitan family of approximately 5,000
species in more than 230 genera. These wasps are moderate-to-large sized and are
predators of spiders in a wide array of habitats. They are found on all continents
except Antarctica, but their greatest species diversity occurs in the tropical regions of
the World (Wasbauer 1995). Typical coloration tends to be black or blue, sometimes
with metallic reflectance, although many brightly colored species exist; the latter are
often difficult to identify due to convergent color patterns. Sexual dimorphism is
slight to moderate, with both sexes usually macropterous; a few brachypterous and
apterous species are known (Brothers & Finnamore 1993). Spider wasps are often
conspicuous in their habitats and can be found feeding on flower nectar or searching
on the ground for prey.
The Dominican Republic is the largest nation of the Hispaniola Island and the
second largest country in the Caribbean. Hispaniola Island is the second largest island
in the Caribbean; it is marked by mountain chains that are aligned perpendicularly to
the trade winds, which are responsible for great climatic diversity on the island (Izzo
et al. 2010). The Dominican Republic is environmentally diverse, which climatic and
vegetational conditions ranging from extremely humid to arid (Izzo et al. 2010). The
variation in environment and elevation has endowed the Dominican Republic with
numerous ecosystems and microclimates, which accounts for an abundance of
endemic species (Perez-Gelabert 2008).
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The spider wasps of the Dominican Republic have never been studied
systematically. A general checklist of the Arthropods of Hispaniola was completed by
Perez-Gelabert (2008), but this study was solely based on the literature. Although
Perez-Gelabert (2008) listed 29 species of Pompilidae in Hispaniola, some names are
no longer valid and several records are dubious, as discussed below. The pompilid
faunas of other Caribbean islands are well known; specifically those of Cuba (Alayo
1969, 1976), Dominica (Evans 1972), and Puerto Rico (Snelling & Torres 2004).
Motivated by the lack of systematic study and confusion regarding the identity
of species present in the Dominican Republic, we conducted a review of the
Pompilidae fauna. Specifically, we address the questions of species diversity, provide
diagnoses for all species, make sex associations where justified, and provide
synonymies to correct previous species records for this region. This study should
provide a foundation on which future biodiversity studies of surrounding islands can
be based. The specimens used in the study are primarily those obtained from a longterm survey, the "Carnegie Museum Insect Survey of Hispaniola,” conducted by the
Carnegie Museum of Natural History since 1987.

Methods
Abbreviations used in the descriptions are the same as those used by Wasbauer
and Kimsey (1985). They are defined as follows: FD = facial distance; LA3 = length
of third antennal segment; MID = middle interocular distance; OOL = ocellocular
length; POL = postocellar length; TFD = transfacial distance; UID = upper
interocular distance; and WA3 = width of third antennal segment. Measurements of
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the clypeus are as follow: WC, width of clypeus, measured from the widest points;
and LC, highest length of clypeus. Wing venation terminology follows that of Goulet
and Huber (1993).
The descriptions were generated with DELTA (Descriptive Language for
Taxonomy) as proposed by Dallwitz et al. (1993).
Images were taken with a Jenoptik camera coupled to a dissecting microscope
Leica Mz7.5; processed by Auto-MontageTM software; and treated in Adobe
Photoshop Elements 9.
The acronyms for the collections used in this study are as follows:

AEIC

American Entomological Institute, Gainesville, Florida, USA.

ANSP

Academy of Natural Sciences of Philadelphia, Natural History Museum in
Philadelphia, Philadelphia, Pennsylvania, USA.

BMNH The Natural History Museum, London, United Kingdom.
CASC

California Academy of Sciences, San Francisco, California, USA.

CMNH Carnegie Museum of Natural History, Pittsburgh, Pennsylvania, USA.
CUIC

Cornell University Insect Collection, Ithaca, New York, USA.

MHND Museo Nacional de Historia Natural, Santo Domingo, Dominican Republic.
EMUS Entomological Museum of Utah State University, Logan, Utah, USA.
FSCA

Florida State Collection of Arthropods, Division of Plant Industry,
Gainesville, Florida, USA.

IZAC

Instituto de Zoología, Academia de Ciencias de Cuba, Havana, Cuba.

MACN Museo Argentino de Ciencias Naturales, Buenos Aires, Argentina.
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MCZC Museum of Comparative Zoology, Harvard University, Cambridge,
Massachusetts, USA.
MHEU Musée d’Histoire Naturelle de Neuchâtel, Neuchâtel, Switzerland.
MRSN Spinola Collection, Museo Regionale di Scienze Naturali, Torino, Italy.
MLUH Sektion Biowissenschaften Martin-Luther Universität, Halle, Germany.
MZLU Museum of Zoology, Lund University, Helgonav, Lund, Sweden.
MZSP

Museu de Zoologia da Universidade de São Paulo, São Paulo, São Paulo,
Brazil.

MW

M. S. Wasbauer's Personal Collection, Brookings, Oregon, USA.

NHRS

Naturhistoriska Riksmuseet, Sektionen Fur Entomologi, Stockholm,
Sweden.

NCSU

North Carolina State University Insect Collection, Raleigh, North Carolina,
USA

PMAE Provincial Museum of Alberta, Edmonton, Alberta, Canada.
USNM National Museum of Natural History, Smithsonian Institution, Washington,
USA.
ZMUC Zoological Museum University of Copenhagen, Copenhagen, Denmark.
ZMHB Museum für Naturkunde der Humboldt-Universität zu Berlin, Bereich
Zoologisches Museum, Berlin, Germany.

Results
We catalogued 32 species and 18 genera from three subfamilies, of Pompilidae
from the Dominican Republic (Table 2.1). The most diverse genus was Ageniella
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Banks, with five species followed by Anoplius Dufour with four species recorded.
Although Entypus Dahlbom also has four species recorded for this country, they are
mostly based on scarce and outdated references. Only one species of Entypus was
sampled in our study.

Key to the subfamilies of Pompilidae of the Dominican Republic

1 Labrum fully exerted and trapezoid-shaped (Fig. 2.1A); fore wing with first radial 2
cell not separated apically from wing costal margin, apex of first radial 2 cell
angulated (Pompilinae) … Notocyphus anacaona Rodriguez & Pitts, sp. nov.
- Labrum not fully exerted; if so, then apical margin rounded or emarginated; fore
wing with first radial 2 cell separated apically from wing costal margin, apex of the
cell rounded … 2
2 Metatibia with apical spine-like setae of more or less uniform length, setae not
splayed; metasomal sternum 2 with distinct sharp transverse groove, but male often
without sharp groove; meso- and metafemur without subapical spine-like setae set in
grooves or pits; fore wing with Cu vein simple at base, without any definite
downward deflection, such that second medial cell is without a posterior "pocket"
(Fig. 2.2A) ... 3
- Metatibia with apical spine-like setae of different lengths and splayed; metasomal
sternum 2 without distinct sharp transverse groove; meso- and metafemur with 1 or
more subapical dorsal spine-like setae set in grooves or pits; fore wing with Cu vein
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distinctly deflected downward at base, such that second medial cell has posterior
"pocket" (Figs. 2.2E-G) ... Pompilinae
3 Clypeus slightly flat, beginning right above the antennal scrobe; eyes densely setose
(less evident on males); front, mid, and fore femora swollen (Ctenocerinae) (Figs.
2.4A-B) … Epipompilus pulcherrimus (Evans)
- Clypeus not flat, with conspicuous space between clypeus and antennal scrobe; eyes
not setose; femora not swollen ... Pepsinae

Subfamily Ctenocerinae (Epipompilinae)

Epipompilus Kohl, 1884

Type species Epipompilus maximiliani Kohl, 1884, designated by Ashmead,
1900.

Remarks. This genus was placed in its own subfamily in the past (Shimizu
1994). Pitts et al. (2006) tentatively placed this taxon in Ctenocerinae. We found one
species of Epipompilus in our study, which is the first record of the genus for the
Dominican Republic.

Epipompilus pulcherrimus (Evans, 1955)
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Aulocostethus pulcherrimus Evans, 1955, Entomological News, vol. 66, p. 150
[Holotype: ♀, USA, Florida (USNM)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is black and orange (Figs. 2.4A-B); the pubescence on
the body is long, white, and abundant; the antenna is inserted just dorsal to the clypeal
margin, and the eye is pilose. Additionally, the female (Fig. 2.4A) has black
integument with blue reflections on the head and mesosoma, while the integument is
orange on the metasoma; the antenna is reddish brown; the clypeus is trapezoidal and
flat ; the pronotum has the collar not well differentiated from the disc; and the fore
and hind wings are darkened. The male (Fig. 2.4B) has black integument with orange
pronotum and mesonotum; the clypeus is trapezoidal, flat, and orange medially; the
hind tibia has a whitish spot apically; the pilosity on the eye is present but very short;
the wings are less darkened than for the female.
Material examined. DOMINICAN REPUBLIC: 1 ♂, Altagracia Prov[incia],
Punta Cana, W of Biodiversity Center, Recently cleared forest edge, M[alaise] t[rap],
SEL Hym Unit, 10.IX.2008, (EMUS); 1 ♀, Punta Cana, Fruit Orchard nr Biodiv. Ctr.,
M[alaise] t[rap], 5–9.IX.2008 (EMUS).
Distribution. Bahamas, Cuba, Dominican Republic, and USA (Florida).
Host. Unknown.
Remarks. This species was first described based on females from Florida and
Bahamas (Evans 1955). Evans (1967) later described males collected in Malaise traps
in Florida. This species was first recorded from the Caribbean (Cuba) by Ferrer and
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Triana (2004). Although Snelling and Torres (2004) did not list this species as present
in Puerto Rico, it likely occurs there given its presence both in Cuba and in
Dominican Republic. This is the first record of E. pulcherrimus for the Dominican
Republic.

Subfamily Pepsinae

Key to the Pepsinae of the Dominican Republic

1 Metasomal sternum 2 of female (and often male) with transverse groove (Figs.
2.5F, I); metasomal tergum 1, in dorsal view, with sides evenly convergent anteriorly
or slightly convex, in lateral view with suture delimited latero tergum … 2
- Metasomal sternum 2 without such groove (Figs. 2.4I-J); metasomal tergum 1, in
dorsal view, with sides somewhat concave, giving petiolate appearance, in lateral
view without suture delimited latero tergum ... 11
2 First radial 2 cell separated apically from costal margin of wing, so that apex of cell
is rounded (Fig. 2.2A); large or very large individuals (Pepsis Fabricius) … 3
- First radial 2 cell apically adjacent to costal margin of wing, so that apex of cell is
acute or sub-truncate (Fig. 2.2D); medium or small individuals … 5
3 Males and females with fore wing broadly darkened basally and apically, medially
orange or red; hind wing mostly darkened; fore wing with whitish apical band (Figs.
2.3A, D) … Pepsis rubra (Drury)
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- Fore wing fully darkened or darkened only apically, without whitish apical band
(Figs. 2.3B-C, E) … 4
4 Wing orange-amber with dark apical band (Fig. 2.3E); antenna black … Pepsis
marginata Palisot de Beauvois
- Wing black with weak blue-violet reflections (Figs. 2.3B-C); antenna orange …
Pepsis ruficornis (Fabricius)
5 Mandible with three teeth; wing with dark bands on radial sectors and whitish band
apically (Fig. 2.5G); female (male unknown) with cardo of each maxilla having
fascicle (beard) of long curved setae (Fig. 2.1B) … Dipogon marlowei Waichert &
Pitts, sp. nov.
- Mandible with two teeth; wing lacking bands; cardo of maxilla without fascicle
(beard) of long setae in either sex ... 6
6 2m-cu vein meeting second radial sector at about its apical 0.9; first radial sector
occupied basally by distinct subcircular irregularity in membrane; large species …
Hemipepsis toussainti (Banks)
- 2m-cu vein meeting second radial sector at or basad of its apical 0.25; first radial
sector not occupied basally by irregularity in membrane … 7
7 Carina on mesosternum in front of each middle coxa angled medially, angle usually
produced as tooth; metasoma with two tumid regions on second sternum; last tarsal
segment of hind leg with lateral rows of spines beneath (Entypus Dahlbom) … 8
- Carina on mesosternum in front of each middle coxa evenly curved; metasoma
without tumid regions on second sternum; last tarsal segment of hind leg without or
with few irregularly placed spines … 9
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8 Antenna orange; wing yellowish with apex darkened … Entypus ochrocerus
(Dahlbom)
- Antenna black; wing reddish yellow, base and apex darkened (male unknown) …
Entypus manni (Banks)
9 Hind wing with cu-a ending distad of juncture of M with Cu; clypeus very large
(Fig. 2.1H); individuals black, except for metasoma and legs orange (Figs. 2.5K-L)
… Priocnessus vancei Waichert & Pitts, sp. nov.
- Hind wing with cu-a ending distinctly basad of juncture of M with Cu; clypeus short
(Figs. 2.1C, G); individuals either completely black or completely orange … 10
10 Fore tibia of female without single, unusually stout bristle on its outer apical
corner; hind tibia smooth; pronotum of normal length, posterior margin curved; body
black ... Priocnemis cornica (Say)
- Fore tibia of female with single, very stout, blunt, unusual bristle at its outer apical
corner; hind tibia with chevron spines (Figs. 2.5I-J, F); pronotum quite short,
posterior margin straight vertically; body orange with metallic reflections (Fig. 2.5J)
(male unknown) ... Caliadurgus maestris Alayo
11 Female with bare pygidial area and strong bristles arising from mentum;
propodeum with long, abundant erect setae (Fig. 2.2B); male with carina separating
propodeum laterally from metapleuron (Fig. 2.2B) (Auplopus Spinola) … 12
- Female without bare pygidial area or bristles on mentum; propodeum usually
without erect setae, although present on Ageniella ursula (Banks); male lacking
carina separating propodeum laterally from metapleuron (Fig. 2.4C) (Ageniella
Banks) … 13
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12 Species black with slight bluish-purple reflections; legs orange (male unknown)
(Figs. 2.5C-D) … Auplopus charlesi Waichert & Pitts, sp. nov.
- Species metallic blue; legs same color as body (male known) (Fig. 2.5A-B) …
Auplopus bellus (Cresson)
13 Metasoma and dorsum of mesosoma orange; legs black with purple reflections
(Fig. 2.4I) … Ageniella violaceipes (Cresson)
- Body black or metallic blue; if metasoma orange, then its apex black; legs same
color as body … 14
14 Body with strong metallic blue reflections (Figs. 2.4E-F); clypeus large; with
apical tooth in females (Fig. 2.1E); wing strongly darkened; large species …
Ageniella domingensis (Banks)
- Body with weak blue reflections, almost inconspicuous in some specimens; clypeus
trapezoidal, without apical tooth; wing variable; small species … 15
15 Wing subtranslucent, never darkened (Fig. 2.4J); clypeus orange (Fig. 2.1G), legs
somewhat dark-reddish, contrasting with black body … Ageniella ursula (Banks)
- Wing darkened; clypeus and legs not contrasting with body … 16
16 Female with mesosoma black and metasoma orange (Fig. 2.4G), male completely
black; both sexes with bluish-purple reflections (Figs. 2.4G-H); female with hind tibia
serrate; male with hind tibial spurs whitish … Ageniella dowii (Banks)
- Females and males with body completely black; bluish reflections almost
inconspicuous (Figs. 2.4C-D); female with hind tibia smooth; male with hind tibial
spurs black ... Ageniella bruesi (Banks)
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Ageniella Banks, 1912

Type species Pompilus (Agenia) acceptus Cresson, 1867, by original
designation.

Remarks. Ageniella is the second most diverse genus in Ageniellini, with about
130 species and 9 subgenera. It has been recorded previously from the Dominican
Republic by Banks (1944) and Perez-Gelabert (2008). Three subgenera (Ageniella
Banks, 1912, Ameragenia Banks, 1945, and Priophanes Banks, 1944) and five
species are found in the Dominican Republic. Two species are endemic.

Ageniella (Ageniella) bruesi (Banks, 1928)

Pseudagenia bruesi Banks, 1928, Notes on Cuban and other West Indian
Psammocharidae, p. 7 [Holotype: ♀, JAMAICA, Cinchona (MCZC)].

Diagnosis. This species can be separated from other Ageniella species in the
Dominican Republic by having the following unique combination of characters: the
integument is black with bluish-green reflections on the head, pronotum, and
metasoma; the antenna is black; the pubescence on the body is short and silver (Figs.
4C-D); the clypeus is trapezoidal without a median tooth; the first metasomal segment
is not carinate; the dorsal face of hind tibia is not serrate; and the fore and hind wings
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are darkened. Additionally, the male (Fig. 2.4C) has weaker bluish-green reflections
on the metasoma than the female (Fig. 2.4D).
Material examined. DOMINICAN REPUBLIC: Independencia, Sierra de
Bahoruco, north slope, 13.5 km SE Puerto Escondido, 7 ♂, 8 ♀, 18–12–18N, 71–31–
08W, 1789 m, ecotonal Pinus grassland yellow pan trap, sample 41165, J. E. Rawlins
et al., 24–25.XI.2004, CMNH–371,173/ 370,847/ 371,186/ 364,846/ 369,805/
370,082/ 369,937/ 370,074/ 370,087/ 369,390/ 370,642/ 370,316/ 370,118/ 370,893/
370,944; 18–12–24N, 71–30–54W, 1807 m, broadleaf Pinus dense woodland, R.
Davidson et al., 24–26.III.2004, 1 ♂, malaise trap, sample 41283, CMNH–371,390; 4
♂, 6 ♀, yellow pan trap, sample 41263, CMNH–371,500/ 370,925/ 370,781/ 370,835/
370,833/ 370,102/ 371,223/ 370,233/ 371,072; 1 ♀, La Vega, Cordillera Central, 4.1
km SW El Covento, 18–50–33N, 70–42–44W, 1729 m, distributed evergreen forest
with pine, malaise trap, sample 22382, J. Rawlins et al., 31.V.2003, CMNH–370,971;
1 ♀, [DOMINICAN REPUBLIC]: El Montazo, Constanza, Prov[incia] La Vega, R.
D., Dominguez and Aquino col., 3.VIII.1980, (MHND) 21252.
Distribution. Cuba (Alayo 1969), Jamaica, Dominican Republic.
Host. Unknown.
Remarks. Ageniella bruesi morphologically resembles the Nearctic species A.
euphorbiae (Viereck). Females and males of the former differ from the Nearctic
species by having width of the second radial sector 1.50 × its length and third radial
sector about 2.0 × wider than the second radial sector. Ageniella euphorbiae,
however, has the third radial sector about the same size as the second. Ageniella
bruesi seems to be a common species in the Dominican Republic. It was the most
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abundant species of Ageniella in our survey and it was reported as abundant in Cuba
as well (Alayo 1969). This is the first record for the Dominican Republic.

Ageniella (Ageniella) domingensis (Banks, 1944)

Priocnemella domingensis Banks, 1944, Bulletin of the Museum of Comparative
Zoology, 94: 167–187. [Holotype: ♀, DOMINICAN REPUBLIC (MCZC)].

Diagnosis. This species can be separated from the other Ageniella species in the
Dominican Republic by having bluish-green-purple metallic integument and very
large body (Figs. 2.4E-F). Additionally, the antenna is black, the scape and pedicel
have bluish-purple reflections; the pubescence on the body is long and black; the first
metasomal segment is not carinate; and the fore and hind wings are darkened with
bluish-purple reflections. Also, the female has the clypeus large and trapezoidal with
a median small tooth (Fig. 2.1E), and the dorsal face of the hind tibia has thin and
small spines. The male has the dorsal face of the hind tibia not spinose, and the
clypeus is large and trapezoidal, without a median small tooth (Fig. 2.1F).
Description. Male (hitherto unknown). Body length 11.00 mm. Fore wing 9.70
mm; maximum wing width 2.90 mm.
Coloration. Head black with faint blue-purplish reflections; clypeus black with
blue-purple reflections; mandibular and maxillary palpi dark brown; mandible black
with blue reflections from base to half its length, brown apically; antenna black, scape
with blue reflections; pronotum and mesosoma black with bluish-purple reflections;
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metasoma, trochanter, femur, and tibia metallic blue with purple reflections; wing
subtranslucent with slight blue reflections, veins dark brown; coxae and tarsi black
with blue reflections.
Head (Fig. 2.1F). Head wide; TFD 1.09 × FD, MID 0.61 × FD. Ocelli in acute
angle; lateral ocelli closer to each other than to compound eyes; POL 0.90 × OOL.
Mandible slender, with two sharpened apical teeth; pubescence on mandible long,
abundant on entire surface. Clypeus truncate, large; LC 0.66 × WC; clypeal
projection like a tooth absent medially; dorsal surface not slightly convex laterally;
anterior margin polished, straight, thin. Maxillary beard with few, not thick, long
setae. Antenna elongate; length of fourth segment 0.45 × width; ratio of the first four
antennal segments 11:4:21:21, WA3 0.24 × LA3; LA3 1.05 × UID.
Mesosoma (Fig. 2.4F). Pubescence sparse, long, black; punctuation
inconspicuous. Pronotum not elongated, width 3.42 × length, posterior margin semiangulated; pronotal collar short, almost absent. Notauli present on very beginning of
mesonotum. Postnotum striated. Propodeum punctuate; propodeal disc covered by
long and short setae, propodeal disc areolate, setae long, abundant on inferior corner.
Wing long; length of first radial 2 cell 0.60 × distance from its origin to wing apex;
third radial sector 1.40 × longer than second; 2m-cu vein slightly curved, meeting
third radial sector 0.50 × distance from base to apex of cell. Spines absent on anterior
and posterior margins of front tibia; spines on mid tibia, sparse, short, thin,
sharpened; hind tibia spinose dorsally, spines short, sharpened, dispersed; tibial brush
thin, complete.

28

	
  

Metasoma. Metasoma coriaceus, covered by short, abundant setae; terminal
metasomal sternum with few, sparse, long setae; metasoma 1.30 × as long as
mesosoma.
Genitalia (Figs. 2.9A-C). Parapenial lobe split; lobes finger-like, thin, long, their
length 0.51 × total genitalia length; apical lobe semi-angulated, curved; basal portion
wider. Digitus wide, truncated, punctuated; length 0.55 × paramere length; dorsal
lobe longer than ventral lobe, broad, truncate; setae short, scarce; ventral lobe
spatulate, short, truncate. Aedeagus thin, long, almost as long as parapenial lobe,
sides apically divergent, apex sharpened. Paremere length 0.62 × total genitalia
length; two short, rounded expansions on 0.33 and 0.50 of paramere length from the
base; apex lanceolate; setae short, thick, covering 0.33 of length apically. Subgenital
plate wide, rectangular; apex truncated; setae apically scarce, short, thin.
Variation. Some specimens have the mesosoma with stronger blue reflections
than in others.
Material examined. Male. DOMINICAN REPUBLIC: San Juan, Sierra de
Neiba, Sabana del Silencio, 10.0 km SSW El Cercado, 18–39–07N, 71–33–21W,
2009 m, cloud forest along Danthonia savannah, hand collected, sample 33242,
CMNH–370,352; DOMINICAN REPUBLIC: San Juan, Sierra de Neiba, Sabana del
Silencio, 10.0 km SSW El Cercado, 18–39–07N, 71–33–21W, 2009 m, cloud forest
along Danthonia savannah, 3 ♂, 6 ♀, yellow pan trap, sample 33262, J. Rawlins et
al., 20.VI.2003, CMNH–369,844/ 370,095; 1 ♀, hand collected, sample 33242,
CMNH–370,145; Independencia, Sierra de Neiba near crest, 5,5 km NNW Angel
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Feliz, 18–41N, 71–47W, 1750 m, dense cloud forest, J. Rawlins et al., 21–
22.VII.1992, 2 ♀, CMNH–370,410/ 370,750.
Distribution. Dominican Republic.
Host. Unknown.
Remarks. To our knowledge, this species was previously known from the
Dominican Republic only from two females collected southeast of Constanza, Santo
Domingo (Banks 1944). Herein, we report 10 females from different localities, and
four males from San Juan. Males are here reported and described for the first time.
The sexes of A. domingensis were associated by the collection locality and by the
unique morphology. Three males were collected in yellow pan traps along with six
females in the same locality of San Juan. Moreover, both sexes of A. domingensis are
distinct from the other Ageniella by their large size and prominent strong blue
metallic coloration. This species is endemic to the Dominican Republic (PerezGelabert 2008).

Ageniella (Priophanes) dowii (Banks, 1938)

Priocnemis dowii Banks, 1938, Memorias Sociedad Cubana de Historia Natural, 12,
p. 245 [Holotype: ♀, CUBA, Cienfuegos (MCZC)].
Priocnemis arioles Banks, 1944, Bulletin of the Museum of Comparative Zoology,
vol. 94: 186–187. [Holotype: ♀, DOMINICAN REPUBLIC, San Domingo
(MCZC)].
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Diagnosis. This species can be separated from other Ageniella species in the
Dominican Republic by having the integument black with bluish-purple-green
reflections on the head and mesosoma; the metasoma is orange with the last terga
black with purplish reflections (Fig. 2.4G). Additionally, the antenna is brown; the
pubescence on the body is short, sparse, and silver, longer on propodeum; the
pronotum has the collar differentiated from the disc; the first metasomal segment is
not carinate; and the fore and hind wings are subtranslucent. The female has the
clypeus trapezoidal with the apical margin slightly sinuous; the dorsal face of the hind
tibia has scale-like spines; and the mid tibia has spines. The male (Fig. 2.4H) has the
clypeus trapezoidal with the apical margin straight; the dorsal face of the hind tibia
with small and thin spines; and the mid tibia are not spinose.
Material examined. DOMINICAN REPUBLIC: La Vega, Cordillera Central,
Loma Casabito, 16.0 km NW Bonao, 19–02–21N, 70–31–05W, 1487 m, 1 ♀,
evergreen cloud forest at summit, bait trap, sample 21152, J. Rawlins et al.,
28.V.2003, CMNH–370,609; 5 ♀, 4 ♂, evergreen cloud forest, east slope, yellow pan
trap, sample 21262, CMNH–370,931/ 371,191/ 370,979/ 370,909/ 371,493/ 370,902/
371,165/ 371, 389/ 371,029; 1 ♀, 2 ♂, La Vega, Cordillera Central, 4.1 km SW El
Convento, 18–50–37N, 70–42–48W, 1730 m, dense secondary evergreen forest with
pine, yellow pan trap, sample 22262, J. Rawlins et al., 31.V.2003, CMNH–370,484/
370,778/ 370,807; 1 ♀, La Altagracia, Parque del Este, 2.9 km SW Boca de Yuma,
18–21–51N, 68–37–05W, 11 m, semihumid dry forest, limestone, yellow pan trap,
sample 52164, J. Rawlins et al., 28.V.2004, CMNH–370,620; 1 ♀, La Atagracia,
Parque del Este, Caseta Guaraguao, 4.4 km SE Bayahibe, 18–19–59N, 68–48–42W, 3
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m, semihumid forest near sea, limestone, yellow pan trap, sample 51164, C. Young et
al., 26–27.V.2004, CMNH–370,243; 1 ♀, Pedernales, Sierra de Baoruco, Aceitillar,
23.6 km NE Pedernales, 18–09–23N, 71–34–09W, 1560 m, open pine forest with
grassland, yellow pan trap, sample 42162, C. Young et al., 14.VI.2003, CMNH–
362,818; 1 ♀, Pedernales, La Abeja, 38 km NNW Cabo Rojo, (18–09N, 71–38W),
1250 m, J. Rawlins and R. Davidson col., 15.VII.1987, (CMNH); 2 ♀, 3 ♂, Distrito
Nacional, Santo Domingo, Jardin Botanico, W. J. Pulawski cllr, 9.XI.1986, (CAS); 3
♀, Distrito Nacional, Haina, W. J. Pulawski cllr, 1.XI.1986, (CAS).
Distribution. Cuba, Dominican Republic.
Host. Unknown.
Remarks. Alayo (1969) reported Ageniella dowii as a rare species in Cuba. In
the Dominican Republic we recorded 24 specimens, nine males and 15 females,
whose abundance is relatively high compared to other species of Ageniella and other
genera in this study. Our sample shows morphological variation in coloration of
integument and in coloration of wings, which can be slightly more translucent in
some females. The Dominican Republic specimens’ may have blue reflections on the
propodeum and the mesonotum, which can be more or less conspicuous.

Ageniella (Ameragenia) ursula (Banks, 1944)

Priocnemis ursula Banks, 1944, Bulletin of the Museum of Comparative Zoology,
vol. 94, p. 184–185 [Holotype: ♀, DOMINICAN REPUBLIC, Villa Altagracia
(MCZC)].
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Diagnosis. This species can be separated from other Ageniella species in the
Dominican Republic by having the integument black; the antenna is brown, orange
beneath; the pubescence on the body is long and golden, longer and more abundant
on the propodeum (Fig. 2.4J); the clypeus is trapezoidal and orange (Fig. 2.1G); the
pronotum has the collar differentiated from the disc; the first metasomal segment is
not carinate; the dorsal face of hind tibia has small and thin spines; the mid tibia has
spines; and the fore and hind wings are subtranslucent. The male of this species is
unknown.
Material examined. DOMINICAN REPUBLIC: Pedernales, Sierra de Baoruco,
Aceitillar, 25.2 km ENE Pedernales, 18–05–29N, 71–31–16W, 1271 m, dense
broadleaf forest, pine, yellow pan trap, sample 42262, C. Young et al., 2 ♀, CMNH–
370,104/ 370,144; 1 ♀, La Altagracia, Parque del Este, Caseta Guaraguao, 4.4 km SE
Bayahibe, 18–19–59N, 68–48–42W, 3 m, semihumid forest near sea, limestone,
malaise trap, sample 51184, CMNH–369,811; 1 ♀, La Vega Pro[vincia], 10 km NE
Jara Bacoa, Hotel Montana Forest, 550 m FIT, 95–30, S and J Peek [col], 18. VII–
4.VIII.1995, (EMUS).
Distribution. Dominican Republic.
Host. Unknown.
Remarks. This species is morphologically similar to A. salti (Banks); A. salti is
also found in the Caribbean (Cuba). Ageniella ursula differs from A. salti in having
the face black, contrasting with clypeus and mandibles, which are reddish-orange.
Individuals of A. salti from Cuba and USA are blackish, with face, clypeus, and
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mouthparts reddish-black, as noted by Alayo (1969) and Townes (1957). Ageniella
salti has the metasoma as reddish-black as the face (Alayo 1969), while A. ursula has
legs and metasoma black, with almost inconspicuous reddish-black reflections. Males
of A. salti are known and A. ursula males may prove to be similar to this species.
Ageniella ursula is endemic to the Dominican Republic (Perez-Gelabert 2008).

Ageniella (Ageniella) violaceipes (Cresson, 1865)

Pompilus violaceipes Cresson, 1865, Entomological Society of Philadelphia, vol. 4, p.
129 [Holotype: ♀, CUBA (ANSP)].

Diagnosis. This species can be separated from other Ageniella species in the
Dominican Republic by having the integument black on the head and pleura, orange
on the dorsum of mesosoma and metasoma, and purplish reflections on the legs and
pronotum (Fig. 2.4I). Additionally, the antenna is brown with purplish reflections on
the first segments; the pubescence on the body is short and reddish, with sparse long
setae; the clypeus is trapezoidal; the first metasomal segment is not carinate; the
dorsal face of hind tibia has small spines; the mid tibia has spines; and the fore and
hind wings are darkened with slight purple reflections. The male of this species is
unknown.
Material examined. DOMINICAN REPUBLIC: 1 ♀, Pedernales, La Abeja, 38
km NNW Cabo Rojo, (18–09N, 71–38W), 1250 m, J Rawlins and R. Davidson col.,
15.VII.1987 (CMNH).
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Distribution. Cuba, Dominican Republic.
Host. Unknown.
Remarks. This is the first record of A. violaceipes being collected from other
than the type locality of Cuba. This is a rare species (Alayo 1969), easily identified by
the orange-reddish integument with purple iridescence. Although males are unknown,
it is possible that A. purpuripes Banks is a junior synonym of A. violaceipes, as first
discussed by Alayo (1969). Only males of A. purpuripes are known, and this species,
as currently known, is restricted to Cuba. Further studies are needed to associate the
sexes of these species. The specimen we studied here differs from Cuban specimens
in being not as stout.

Auplopus Spinola, 1841

Type species Pompilus femoratus Fabricius, 1804, by monotypy.

Remarks. This is a diverse and worldwide-distributed genus of Ageniellini.
Dreisbach (1963) listed 19 Neotropical species of Auplopus found in Mexico, Central
America, and the Caribbean. We recorded only two species of Auplopus for the
Dominican Republic, one of which is herein first described.
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Key to the species of Auplopus Spinola of the Caribbean Islands - Females

1 Body uniform in color, clypeus or legs not concolorous with body in color … 2
- Body not uniform in color, clypeus or legs differing from body in color … 4
2 Body black without bluish reflections … 3
- Body and legs strongly metallic bluish; pygidium polished and shiny; clypeus with
silvery pubescence; Caribbean … A. bellus (Cresson)
3 Pygidium shiny, impunctate; wings darkened; Bermuda … A. bermudensis
Dreisbach
- Pygidium roughened, mat; wings hyaline; Puerto Rico … A. taino Snelling & Torres
4 Femur of at least fore and middle legs orange … 5
- Only femur of hind leg orange; Trinidad, Costa Rica, Brazil, and Guyana … A.
comparatus (Smith)
5 Wings hyaline or subhyaline … 6
- Wings with dark bands; body integument black, antenna and legs orange; Cuba …
A. montanus Alayo
6 Body black with greenish or purplish reflections ... 7
- Body black without purplish reflections; Cuba … A. nabori Alayo
7. Hind tibia, coxae, and trochanter dark brown, coxae and trochanters with purplish
relections; wings hyaline with greenish reflections; head dull greenish contrasting
with blackish mesosoma and metasoma having purplish relections; Cuba … A.
aquilus (Dreisbach)
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- Hind tibia, coxae, and trochanter orange, except for fore coxa blackish with purplish
relections; wings darkened with purplish reflections; head mesosoma and metasoma
blackish with purplish relections; Dominican Republic ... A. charlesi Waichert &
Pitts, sp. nov.

Auplopus charlesi Waichert & Pitts, sp. nov.
(Figs. 2.1D, 2.5C-D)

Diagnosis. This species can be recognized by the following unique combination
of characters: the body integument is black with bluish-purple reflections, and the
legs are orange (Figs. 2.5C-D), except for fore coxa that is black with purplish
reflections; the antenna is brown; the pubescence on the body is long and silver, and
abundant on propodeum; the clypeus is convex and enlarged medially (Fig. 2.1D); the
pronotum has the collar differentiated from the disc; the first metasomal segment is
not carinate; the pygidium is well defined and bare; the dorsal face of the hind tibia is
not spinose; and the fore and hind wings are darkened with purple reflections. The
male of this species is unknown.
Description. Holotype, female. Body length 12.50 mm. Fore wing 9.20 mm;
maximum wing width 2.50 mm.
Coloration. Head black with shiny purple reflections; clypeus black; mandibular
and maxillary palpi pale brown; mandible black from base to half of its length, pale
brown apically; antenna dark brown; pronotum, mesosoma, and mesonotum black
with bluish-purple reflections; scutellum black with bluish-purple reflections
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laterally, green centrally; postnotum black with bluish-purple reflections above
transversal furrow; propodeum black with faint bluish-purple reflections; metasoma
dark brown with faint bluish-purple reflections; wing subtranslucent with faint blue
reflections; veins dark brown; fore coxa black with purple reflections, remainder of
fore leg and all of mid and hind legs orange, apical tarsi dark brown.
Head (Fig. 2.1D). Head wide; TFD 1.13 × FD; MID 0.60 × FD. Ocelli in nearly
right triangle; lateral ocelli closer to each other than to compound eyes; POL 1.1 ×
OOL. Mandible wide, with long, sharpened apical teeth; pubescence on mandible
short, abundant on first half of length. Clypeus long, semi-angulated, convex; anterior
margin slightly enlarged medially; LC 0.55 × WC; clypeal projection not present
medially; anterior margin polished, enlarged medially. Maxillary beard with few,
thick, long setae. Antenna elongate; length of fourth segment 4.50 × its width; ratio of
the first four antennal segments 13:5:21:19; WA3 1.90 × LA3; LA3 0.38 × UID.
Mesosoma (Figs. 2.5C-D). Short, whitish pubescence abundant on entire body,
giving coarse appearance to specimen, pubescence more abundant on propodeum
(Fig. 2.5C); punctuation inconspicuous. Pronotum not elongated, width 6.28 × length,
posterior margin semi-angulated; pronotal collar inconspicuous. Notauli present on
very beginning of mesonotum. Postnotum striated. Propodeum punctures
inconspicuous under abundant setae; propodeal disc with long setae, more abundant
on median and inferior corner. Wing long; length of first radial 2 cell 0.63 × distance
from its origin to wing apex; third radial sector 1.25 × longer than second; 2m-cu vein
bent, slightly curved, meeting third radial sector 0.30 × distance from base to apex of
cell. Spines absent on anterior and posterior margins of front tibia; spines on mid
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tibia, sparse, short, sharpened; hind tibia dorsal teeth absent; tibial brush thin,
complete.
Metasoma. Metasoma polished, covered by short, abundant setae; pygidium
well defined, bare, polished; terminal metasomal sternum with sparse, long setae;
metasoma 1.31 × as long as mesosoma.
Etymology. Named in honor of Samuel Dashiell Hammett (1894–1961), who
was a well-known American author of hardboiled detective novels and short stories,
and creator of the famous protagonist, Nick Charles.
Variation. The purplish-blue reflections are brighter on some of the paratypes.
Material examined. Holotype, ♀. DOMINICAN REPUBLIC: Pedernales, 26
km N Cabo Rojo, 18–06N, 71–38W, 730 m, wet deciduous forest, intercept trap, L.
Masner et al., 19–25.VII.1990, CMNH–370,786. Paratypes: 3 ♀ with same data as
holotype; 2 ♀, DOMINICAN REPUBLIC: Pedernales, 26 km N Cabo Rojo, 18–06N,
71–38W, 730 m, wet deciduous forest, intercept trap, L. Masner et al., 13–
20.VII.1990, CMNH–369,979/ 368,202.
Distribution. Dominican Republic.
Host. Unknown.
Remarks. Auplopus charlesi is morphologically similar to the Cuban species, A.
aquilus Dreisbach. The two species differ in coloration of the clypeus and head,
which is greenish in A. aquilus and black in A. charlesi. Also, A. charlesi has the hind
tibia orange without purple reflections, which are present in A. aquilus. Lastly, the
antenna in A. aquilus has orange on the ventral surface, whereas A. charlesi does not.
The male of A. charlesi is unknown.
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Auplopus bellus (Cresson, 1865)

Pompilus bella Cresson, 1865, Proceedings of the Entomological Society of
Philadelphia, vol. 1, p. 124–125 [Holotype: ♀, CUBA (ANSP)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument has bluish-green reflections; the antenna is brown; the
pubescence on the body is long, silver, and abundant on propodeum (Fig. 2.2B); the
first metasomal segment is not carinate; the dorsal face of the hind tibia is not
spinose; and the fore and hind wings are darkened with slight purple reflections.
Additionally, the female has strong bluish-green metallic integument (Fig. 2.5B),
convex clypeus with the apical margin rounded, and pygidium well defined and bare.
The male has black integument with bluish-green reflections (Fig. 2.5A), clypeus
trapezoidal with invaginate apical margin, and wings less darkened than in the
female.
Material examined. DOMINICAN REPUBLIC: Distrito Nacional, Haina, W. J.
Pulawski cllr, 8.XI.1986, 1 ♂, (CAS).
Distribution. Cuba to Puerto Rico (Snelling & Torres 2004), Jamaica,
Dominican Republic.
Host. Unknown.
Remarks. This species has been reported as building mud nests under stones
(Cresson 1865 apud Snelling & Torres 2004), bark (Alayo 1969), and leaves (Wolcott
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1936 apud Snelling & Torres 2004). Alayo (1969) described nests as
approximately10 mm long and clustered in a group of five to six nests. Auplopus
bellus were also collected in trap nests (7-10 mm internal diameter bamboo canes) in
Jamaica by Jaysingh and Freeman (1980). The host(s), however, remains unknown.
This species was recorded from Haiti by Banks (1928), but this is the first record for
A. bellus in the Dominican Republic.

Caliadurgus Pate, 1946 (Calicurgus Lepeletier, 1845)

Type species Pompilus fasciatellus Spinola, 1808, by automatic designation (see
Calicurgus Lepeletier, 1845, nec Brullé, 1833).

Remarks. Species of Caliadurgus are usually parasites of orb weaving spiders.
It is present in all but the Australian zoogeographic region. Although this is a wellrepresented genus in the Neotropics (Townes 1957), only one species occurs in the
Caribbean. This is the first record of this genus for the Dominican Republic.

Caliadurgus maestris Alayo, 1969

Caliadurgus maestris Alayo, 1969, Poeyana, serie A, vol. 61, p. 17 [Holotype: ♀,
CUBA, Oriente (IZAC?)].
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Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is orange-reddish with sparse purple reflections (Fig.
2.5J); the antenna is black, except the scape, which has the same color as the body;
the pubescence on the body is short and silver, more abundant in the inner margin of
the eyes; the front tibia has a large spine on the dorsal apex; the dorsal face of the
hind tibia has scale-like spines; the last tarsal segment of hind leg is without a lateral
row of spines; and the wings are uniformly dark with purple reflections. The male of
this species is unknown.
Material examined. DOMINICAN REPUBLIC: 1 ♀, La Vega, Cordillera
Central, Loma Casabito, 15.8 km NW, Bonao, 19–02–12N, 70–31–08W, 1455m,
evergreen cloud forest, east slope, yellow pan trap, sample 21262, 28.V.2003, J.
Rawlins et al. CMNH–370.551.
Distribution. Cuba, Dominican Republic.
Host. Unknown.
Remarks. This species was first described from Cuba by Alayo (1969) and
included females only. To our knowledge, the males of this species are unknown. In
Alayo's (1969) description, the institution in which the holotype is deposited was not
specified, but the holotypes of other species described in his paper were deposited in
the Academia de Ciencias de Cuba, Instituto de Zoologia. We believe the type series
of C. maestris is at the same institution, although we have not studied these Cuban
specimens nor been able to confirm their existence. The Dominican Republic
specimen differs from the Cuban in having sparse purple reflections on the body,
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which was not stated in the original description. This is the first record of this species
from the Dominican Republic.

Dipogon Fox, 1897

Type species Dipogon populator Fox, 1897, by original designation and
monotypy.

Remarks. Species of this cosmopolitan genus are restricted to wooded areas.
Females nest in twigs or aerial cavities. These wasps are rarely taken by conventional
collecting methods, and several of the species are known from only a few specimens
(Evans & Leatherman 2002). Evans (1972) described one species from Dominica, the
first recorded to Caribbean. This is the first time that Dipogon is recorded from the
Dominican Republic.

Key to the species of Dipogon Fox of the Caribbean Islands

1 Head black, mandibles and apical margin of clypeus reddish brown; legs black,
front and mid femora in part reddish brown; thorax reddish brown, venter darker;
metasoma black; Dominica … D. spangleri Evans
- Head dark reddish brown, clypeus orange; legs reddish orange thorax orangereddish; metasoma dark reddish brown; Dominican Republic … D. marlowei
Waichert & Pitts, sp. nov.
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Dipogon (Dipogon) marlowei Waichert & Pitts, sp. nov.
(Figs. 2.1B-C, 2.4I, 2.5G)

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is orange-reddish on the thorax and clypeus, dark
reddish brown on the head, metasoma and legs (Fig. 2.5G); the antenna is the same
color as the thorax; the pubescence on the body is short and silver; the maxillary
beard is present and long (Fig. 2.1B); the pronotum has the collar differentiated from
the disc; the dorsal face of the hind tibia is not spinose; and the wings are translucent,
usually with two dark bands and a white spot on the apex (Fig. 2.4I). This last
characteristic can be inconspicuous in some specimens. The male of this species is
unknown.
Description. Holotype, female. Body length 5.30 mm. Fore wing 4.30 mm;
maximum wing width 1.20 mm.
Coloration. Head black, dark reddish brown above clypeus; clypeus whitish,
base pale brown; mandibular and maxillary palpi pale brown; mandible pale brown,
teeth dark reddish brown; antenna pale reddish brown; pronotum, mesosoma,
mesonotum, scutellum pale, mesopleurum, postnotum, and propodeum pale reddish
brown; metasoma dark reddish brown; wing translucent; dark reddish brown line over
R and M veins; dark spot covering first radial 1 cell, first medial cell, second and third
radial sectors, white coloration at apex; veins dark reddish brown; and leg pale
reddish brown.
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Head (Figs. 2.1B-C). Head wide; TFD 1.15 × FD; MID 0.65 × FD. Ocelli in
acute angle, lateral ocelli about as close to each other as to compound eyes; POL 9.80
× OOL. Mandible wide, with three sharpened apical teeth, basalmost larger;
pubescence on mandible scarce, longer along apical margin. Clypeus trapezoidal,
anterior margin not enlarged, straight; LC 0.48 × WC; clypeal projection not present
medially; dorsal surface slightly convex laterally; anterior margin polished, thin.
Maxillary beard abundant; setae very long, as long as palpi. Antenna elongate; length
of fourth segment 4.25 × its width; ratio of the first four antennal segments 8:4:10:8;
WA3 0.2 × LA3; LA3 0.67 × UID.
Mesosoma (Fig. 2.4I, 2.5G). Pubescence sparse, short, golden; punctuation
inconspicuous. Pronotum not elongated, posterior margin arched, width 5.50 ×
length; pronotal collar inconspicuous. Notauli present on very beginning of
mesonotum. Postnotum striated; carina shallow, almost polished. Propodeum
polished, bare; propodeal disc with few white setae on inferior corner. Wing narrow;
third radial sector cell 0.83 × longer than second; second 2m-cu vein slightly curved,
meeting third radial sector cell 3.00 × distance from base to apex of cell. Spines
absent on anterior and posterior margins of front tibia; spines absent on mid tibia;
hind tibia dorsal teeth absent; tibial brush thick, complete.
Metasoma. Metasoma polished, covered by long, sparse setae ventrally;
pygidium covered by long erect setae; terminal metasomal sternum with sparse, long
setae; metasoma 1.19 × as long as mesosoma.
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Etymology. Named in honor of Raymond Thornton Chandler (1888–1959), an
American crime writer who greatly influenced the modern private eye story and
created the famous protagonist, Philip Marlowe.
Variation. Some paratypes have a pale reddish brown clypeus that lacks the
whitish coloration apically and medially.
Material examined. Holotype, ♀, DOMINICAN REPUBLIC: Pedernales, La
Abeja, 38 Km NNW, Cabo Rojo, (18–09N, 17–38W), 1250 m, 15.VII.1987, J.
Rawlins, R. Davidson (CMNH). Paratypes: 1 ♀ with same data as holotype; 3 ♀,
DOMINICAN REPUBLIC: Barahona, Eastern Sierra Bahoruco, Reserva Cachote,
12.8 km NE Paraiso, 18–05–54N, 71–11.21W, 1230 m, J. Rawlins et al., cloud forest
with tree ferns, yellow pan trap, sample 4426321, 23.III.2004, CMNH–371,412/
370,076/ 370,511; 1 ♀, DOMINICAN REPUBLIC: La Vega, 6 km SE Constanza,
18–52N, 70–42W, 1400 m, J. Rawlins et al., disturbed fields with scattered pines,
24.XI.1992, CMNH–370,388.
Distribution. Dominican Republic.
Host. Unknown.
Remarks. Based on the morphological study of South American pompilids by
Banks (1946), this species morphologically resembles D. populator Fox. Dipogon
populator differs from D. marlowei in having the body black and pubescence grayish
on the head and pronotum. Dipogon marlowei has the head black and the pronotum
pale reddish brown, both covered by short golden pubescence. Dipogon marlowei is
also similar to the species from Dominica D. spangleri Evans, 1972, but D. marlowei
is reddish orange, including all legs, while D. spangleri is dark reddish with black
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pleurum and ventrum. Besides, wings are hyaline with two dark bands and a white
spot apically in D. marlowei, while in D. spangleri they are hyaline with two dark
bands, but lack the white spot the apex.

Entypus Dahlbom, 1843

Type species Entypus ochrocerus Dahlbom, 1843, by monotypy.

Remarks. Only one species of Entypus was present in our sample: E. ochrocerus
Dahlbom. In the literature, however, three other names of Entypus are associated with
the Dominican Republic fauna: E. caeruleus (Linneus), E. sulphureicornis (Palisot de
Beauvois), and E. manni (Banks). Entypus caeruleus and E. sulphureicornis were
recorded from Hispaniola by Perez-Gelabert (2008) as Pepsis species. Day (1979)
formally transferred the first name to Entypus, while E. sulphureicornis was
transferred by Vardy (2005) to Entypus based on a personal communication from
Day. Both names do not have recent citations other than Perez-Gelabert (2008) and
we do not include them in our key for the Dominican Republic Pompilidae. Entypus
manni was first described as Cryptocheilus by Banks (1928), who provided a detailed
description.
Perez-Gelabert (2008) did not have any new material and his work was based on
literature only. As the material we studied for this review contained no individuals of
E. caeruleus, E. sulphureicorni, or E. manni, it remains uncertain whether these
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species are truly present in the Dominican Republic. Further study and are need for
Entypus in the Caribbean are needed.

Entypus caeruleus (Linnaeus, 1758)

Sphex caerulae Linneus, 1758, Systema Naturae, Tomus I, Editio decimal, p. 571
[Holotype: ♀, Surinam (NHRS)].
Sphex auripennis De Geer, 1773, Memoires pour servir a l'histoire des insectes, vol.
3, p. 585 [Holotype? (NHRS?)]

Distribution. Brazil, Dominican Republic, Mexico, “South America”.
Host. Unknown.
Remarks. This record is based on literature only.

Entypus sulphureicornis (Palisot de Beauvois, 1809)

Pepsis sulphureicornis Palisot de Beauvois, 1809, Insectes Recueillis en Afrique et en
Amerique, p. 95, pl. 2 [Lectotype: ♀, no locality (MRSN)].

Distribution. Dominican Republic.
Host. Unknown.
Remarks. This record is based on literature only.
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Entypus manni (Banks, 1928)

Cryptocheilus manni Banks, 1928, Notes on Cuban and other West Indian
Psammocharidae, p. 6 [Holotype: ♀, HAITI, Port au Prince (MZC)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is black; the antenna is black; the pubescence on the
body, including legs, is long and black; the dorsal face of hind tibia is serrate; apical
tarsomere of hind leg with lateral spines; the pronotum is not elongated, has the collar
differentiated from the disc, and is arcuate behind; the metasoma has two projections
on the second sclerite and long setae on last segment; and the wings are reddish
yellow with the base broadly black. The male of this species is unknown.
Distribution. Haiti, Dominican Republic?
Host. Unknown.
Remarks. This record is based on literature only. We did not record this species
in our sample and reference to this species in the literature is rare. Entypus manni is
found in Haiti and likely occurs in the Dominican Republic. Perez-Gelabert (2008)
cited this species as endemic to Haiti, although it is probably endemic to Hispaniola
Island.
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Entypus ochrocerus Dahlbom, 1843

Entypus ochrocerus Dahlbom, 1843, Hymenoptera Europaea, vol. 1, p. 35.
[Lectotype: ♂, CUBA? (IZAC)].
Pompilus flammipennis Smith, 1855, Catalogue of hymenopterous insects in the
collection of the British Museum. Mutillidae and Pompilidae, part III, p. 155
[Lectotype: ♀, DOMINICAN REPUBLIC, Santo Domingo (BMNH)].
Pompilus ignipennis Cresson, 1865, Proceedings of the Entomological Society of
Philadelphia IV, p. 121 [Syntypes: 3 ♀ 4 ♂, CUBA (ANSP)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is black with metallic reflections; the antenna is orange;
apical tarsomere of hind leg with lateral row of spines; and the wings are yellow with
dark apex (Figs. 2.5E-F). Additionally, the female (Fig. 2.5F) has the integument
black with purplish-blue reflections, except for the metasoma that has green
reflections; the pubescence on the body is long and dark reddish brown; the dorsal
face of the hind tibia is serrate; the pronotum is not elongated, with the collar
differentiated from the disc; the metasoma has two projections on the second sclerite.
The male (Fig. 2.5E) has the integument black with greenish-blue reflections; the
pubescence on the body is short and dark reddish brown; the pronotum is elongated
with the collar inconspicuous, the front of the pronotum is perpendicular to the dorsal
surface; the dorsal face of hind tibia has spines, but not serrate.
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Material examined. [DOMINICAN REPUBLIC]: 2 ♀, El Aceitillar, Pedernales
Prov.[icia] Pedernales, R. D., Vargas col., 7.XII.1978, (MHND) 00362/ 00365;
DOMINICAN REP[UBLIC]: La Vega Prov[incia], Jarabacoa, 1 ♂, Meg Carlon,
18.VII.1986 (CUIC), 2 ♂, 1 ♀, G. C. Eickwort, 17.VII.1986 (CUIC); [DOMINICAN
REPUBLIC]: 1 ♀, Nisibon, Higuey Prov[incia], La Altagracia, Reynosd and Mota
col., 28.V.1980, (MHND) 16368, 1 ♂, Laguna El Limón, Miches Prov[incia], El
Seybo, R. D., Marcano and Aquino col., 29.IV.1980, (MHND) 17319, 1 ♂, Davila,
Pedernales, R. D., Hansen and Harcano col., 10.III.1999, (MHND) 01755, 1 ♂, El
Manaclar, San José de Deda, Cicero and Marcano col., 28.IV.1979, (MHND) 02479,
1 ♂, Las Galeras, Samaná, Prov[incia] Samaná, R. D., Dominguez col., 18.IV.1979,
(MHND) 02022, Haina, Distrito Nacional, D[omin]guez col., 1 ♂, 21.I.1983,
(MHND) 29703, 1 ♀, 14.II.1983, 30195 (MHND), 1 ♂, San Isidro, Distrito Nacional,
Dominguez col., 4.III.1979, (MHND) 01753, DOMINICAN REP[UBLIC]: 1 ♀,
Pedernales Prov[incia], Cabo Rojo-Alcoa rd, Km 33, G. Eickwort col., 27.VII.1985
(CUIC), 1 ♀, Puerto Playa Prov[incia], Sosúa, Valley of Caves, G. Eickwort and M.
Carlon col., 20.VII.1986 (CUIC), 1 ♂, Feravia Arroyo Canas, 650 m, Malaise trap, A.
Norrbom col., 9.VIII.1980, CMNH–369,859.
Distribution. Cuba to Puerto Rico (Snelling & Torres 2004), Bahamas,
Dominican Republic.
Host. Unknown.
Remarks. This species has been cited by some authors as Cryptocheilus
ignipennis, a junior synonym of E. ochrocerus. Behavioral and distributional records
are confusing in the literature due to the complex taxonomic history of E. ochrocerus.
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Day (1974) discussed the identity of Entypus, proposing synonyms and lectotypes
related to E. ochrocerus and junior synonyms. Snelling and Torres (2004) also briefly
discussed the identity of this species. No remarkable morphological variation was
observed, besides the differences in size of the sexes. Females can be almost 2 × the
size of males. Entypus ochrocerus differs from E. manni by having orange antenna
and wings with the apex darkened, while E. manni is characterized by the antenna
black and base of wing darkened.

Hemipepsis Dahlbom, 1843

Type species Hemipepsis capensis Dahlbom, 1843, designated by Ashmead
1900.

Remarks. Our record for this genus is based on literature only. Hemipepsis has
not been reported from Cuba (Alayo 1969, 1976), Puerto Rico (Snelling & Torres
2004), or Dominica (Evans 1972). The only record of this genus in the Caribbean area
is based on the type locality of the following species.

Hemipepsis toussainti (Banks, 1928)

Mygnimia toussainti Banks, 1928, Notes on Cuban and other West Indian
Psammocharidae, p. 5 [Holotype: ♀, HAITI, Port au Prince (MZC)]
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Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is black; the pubescence on the body is black, long, and
abundant; the pronotum is not elongated and has the collar differentiated from the
disc; the wings are yellow, broadly black at the base and the apex; and the first radial
sector of the fore wing is occupied basally by a distinct subcircular irregularity in the
membrane. Additionally, the female has the antenna orange. The male has the
antenna black; the clypeus with a long suberect hair basally; and the black area on the
wings is broader.
Distribution. Southern USA, Mexico (Townes 1957), Haiti, Dominican
Republic?
Host. Unknown.
Remarks. Although there is no record of this species for the Dominican
Republic, and we have not seen specimens in our studied sample, H. toussainti is
described for Haiti and likely occurs in the Dominican Republic. This species is
found from southern USA to Mexico, and, as it is a large species, it is very likely to
be distributed throughout Hispaniola.

Pepsis Fabricius, 1804

Type species Pepsis stellata Fabricius, 1793, designated by Latreille 1810.

Remarks. The following species of Pepsis were represented in our studied
sample: P. marginata Palisot de Beauvois, P. rubra (Drury), and P. ruficornis
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(Fabricius). Perez-Gelabert (2008), however, recorded additional species for the
Hisponiola Island: Pepsis cassiope Mocsáry, P. caerulea (Linnaeus), P. nana
Mocsáry, P. sericans Lepeletier, and P. sulphuricornis Palisot de Beauvois.
There are several issues concerning the distribution and validity of the species
recorded by Perez-Gelabert (2008). Pepsis caerulea and P. sulphuricornis are no
longer recognized as Pepsis. These species were classified as Entypus by Day (1979)
(see Entypus section). Pepsis cassiope is found from Southern USA to Bolivia,
Colombia east through Guyana to the Amazon delta, and the southeast coast of Brazil
(Vardy 2002). The single records for Mexico and Dominican Republic are dubious
(Vardy 2002). As pointed out by Perez-Gelabert (2008), P. nana is found only in
South America in the eastern Andes, and the specimens recorded from Haiti are
probably mislabeled (Vardy 2005). Pepsis sericans is the senior synonym of a
complex of names that includes Pepsis domingensis Lepeletier and its variaties
(Vardy 2000). Although P. domingensis had been described from Santo Domingo,
Dominican Republic, Vardy (2000) stated that the distribution of P. sericans is
limited to Cuba and the record of this species from the Dominican Republic is also
dubious.
Because our study did not reveal any of these species in the Dominican
Republic, Pepsis was recently reviewed, and because these species have dubious
records attributed to the Dominican Republic, P. cassiope, P. nana, and P. sericans
were not included in our key nor in our list of species of Pompilidae of the Dominican
Republic.
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Pepsis marginata Palisot de Beauvois, 1809

Pepsis marginata Palisot de Beauvois, 1809, Insectes Recueillis en Afrique et en
Amerique, p. 94, pl. 2 [Lectotype: ♀, no locality (MRSN)].
Pepsis reaumuri Dahlbom, 1845, Hymenoptera Europaea, no. 16, p. 465 [Lectotype:
♀, no locality (MZLU)].

Diagnosis. This species can be separated from other Pepsis species in the
Dominican Republic by having the integument black with purplish-blue reflections
(Fig. 2.3E), except on the propodeum, some specimens can also have greenish
reflections. Additionally, the pubescence on the body is long and black, abundant on
the propodeum; the pronotum has the collar differentiated from the disc; the front
basitarsus is weakly spined, the spines are in two rows; the wing has the edge of first
radial 2 cell rounded; and the fore and hind wings are yellow with dark margins (Fig.
2.2A). The female (Fig. 2.3E) has the antenna black, the apices of antennal segment 3
onwards dull orange; the hind tibia is spinose with teeth narrow and sharp, and with
short and dense pilosity between them. The male has the antenna black and the dorsal
face of the hind tibia is not spinose.
Material examined. DOMINICAN REPUBLIC: La Altagracia, Parque del Este,
Caseta Guaraguao, 4.4 km SE Bayahibe, 18–19–59N, 68–48–42W, 3 m, semihumid
forest near sea, limestone, hand collected, sample 51144, C. Young et al., 26–
27.V.2004; 2 ♂, CMNH–370,727/ 370,131; 1 ♂, Pedernales, 30 km N Cabo Rojo,
1070 m, 18–07 N, 71–39W, Reservoir, pine woods, R. Davidson et al., 27.IX.1991,
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CMNH–370,334; 1 ♂, El Seibo, Loma Cocuyo, 6 km N Pedro Sanchez, 18–55N, 69–
07W, 475 m, disturbed fields and woodland, C. Young et al., 4.VII.1992, CMNH–
369,974; 1 ♂, Azus, 8 km NE Padre Las Casas, Rio Las Cuevas, 580 m, 18–46N, 70–
53W, riparian growth in arid thorn scrub, C. Young et al., 3–4.X.1991, CMNH–
369,788.
Distribution. This species is endemic to, and distributed throughout, the
Caribbean. Vardy (2002), however, was not confident in the locality labels for the
specimens from Trinidad Island and Panama. It might occur in southern Florida as
well (Vardy 2002).
Host. Records of P. marginata from Puerto Rico made by Petrunkevich (1926,
apud Snelling & Torres 2004) refer to Crytopholis portoricae Chamberlin
(Theraphosidae) as the only prey of this species.
Remarks. Females of this species can capture spiders eight to ten times their
own weight (Laing 1979). Specimens of P. marginata are distinguished from the
sympatric species P. rubra by lacking the white apex in the fore wing, and from P.
ruficornis by having yellow, apically darkened wings. Vardy (2002) discussed
additional characters for distinguishing females of P. marginata, such as the absence
of lateral extension of the groove on the second metasomal segment. Specimens of
this species are very large, varying from 25–50 mm.
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Pepsis rubra (Drury, 1773)

Sphex rubra Drury, 1773, Illustrations of Natural History, vol. 2, p. 75 [Holotype: ♀,
WEST INDIES (lost)].
Sphex sanguigutta Christ, 1791, Naturgeschichte, Klassification und Nomenclatur der
Insekten, p. 293 [Holotype: ♂, no locality (lost)].
Sphex papiliopennis Christ, 1791, Naturgeschichte, Klassification und Nomenclatur
der Insekten, p. 297, pl. 29, f. 7 [Holotype: ♂, “AMERICA” (lost)].
Sphex speciosa Fabricius, 1793, Entomologia Systematica Emendata et Aucta, p. 217,
no. 83 (not Smith, 1855) [Lectotype: ♀, no locality (ZMUC)].
Sphex stellata Fabricius, 1793, Entomologia Systematica Emendata et Aucta, p. 219,
no. 91 [Lectotype: ♂, “AMERICA MERIDIONAL” (ZMUC)].
Pepsis quadrata Lepeletier, 1845, Histoire Naturelle des Insectes Hymenopteres III,
p. 478 [Holotype: ♂, WEST INDIES, Saint Domingue (lost)].

Diagnosis. This species can be separated from other Pepsis species in the
Dominican Republic by having the integument black and greenish-blue-purple
reflections in males (Fig. 2.3A), while the integument has bluish-purple reflections in
females (Fig. 2.3D). Additionally, the pubescence on the body is long and black,
abundant on propodeum; the pronotum has the collar differentiated from the disc; the
front basitarsus is weakly spined, the spines are in two rows; the fore wing has the
extreme apex clear or whitish; the edge of the first radial 2 cell is rounded. The
female has the antenna black; the dorsal face of the hind tibia is serrate; the fore and
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hind wings are yellow with dark margins. The male has the antenna gray, the
flagellomeres are wide; the dorsal face of the hind tibia is not spinose; the fore wing
is orange medially, with blackened areas basally and apically.
Material examined. DOMINICAN REPUBLIC: Peravia, 2 km E Los Ranchitos,
10 km SSE, San Jose de Ocoa, 700 m, 18–28N, 70–28W, semiarid woodland, R.
Davidson et al., 4.X.1991, 1 ♀, CMNH–370,168, 2 ♂, CMNH–370,396/ 369,773; 1
♀, Distrito Nacional, Santo Domingo, Parque Paseo de los Indios, 18–26–53N, 69–
56–39W, 60 m, urban park near ocean, hand collected, sample 50449, CMNH–
369,956; La Altagracia, 2 km N Bayahibe, 18–23N, 68–51W, 10 m, dry seasonal
forest, on limestone, C. Young et al., 3.VII.1992, 10 ♂, CMNH–369,434/ 370,386/
370,550/ 370,440/ 370,606/ 370,647/ 369,433/ 369,458/ 370,349/ 370,646; 1 ♂,
Pedernales, Cabo Rojo in swimming pool, 10 m, J. Rawlins and R. Davidson col.,
19.VII.1987; 1 ♂, Pedernales, 11.3 km S Los Arroyos, 18–10N, 71–46W, 310 m, J.
Rawlins et al., 19.VII.1990, CMNH–370,265.
Distribution. Caribbean (Vardy 2000).
Host. Vardy (2000) proposed that females possibly prey only on small
individuals of spiders, because they seem to avoid tarantula burrows. Snelling and
Torres (2004) supposed they prey on Cyrtopholis bartholmei (Latreille)
(Theraphosidae).
Remarks. Pepsis rubra can be separated from the other Dominican Republic
species by having the apex of the fore wing white. This species has a remarkable
sexual dimorphism (Alayo 1969) as displayed by the differences in wing color
pattern. Males have the fore wing more darkened than the females. Females are
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commonly seen searching in the forest leaf litter and males are abundant on blossoms
of Coccoloba uvifera (Linnaeus) (Polygonaceae) (Snelling & Torres 2004). The
males form sleeping aggregations (Snelling & Torres 2004).

Pepsis ruficornis (Fabricius, 1781)

Sphex ruficornis Fabricius, 1781, Species Insectorum Exhibentes, p. 450 [Lectotype:
♀ (ZMUC)].
Pepsis saphirus Palisot de Beauvois, 1805, Insectes Recueillis en Afrique et en
Amerique, p. 39, pl. 1 [Holotype: ♀, HAITI “Saint-Domingue” (lost)].
Pepsis violacea Mocsáry, 1885, Természetrajzi Füzetek, p. 255. [Lectotype: ♂
(MHEU)].
Pepsis hexamita Lucas, 1895, Berliner Entomologische Zeitschrift, p. 609, no. 67.
[Lectotype: ♀ (ZMHB)].
Pepsis omniviolacea Haupt, 1952, Nova Acta Leopoldina Neue Folge, p.390
[Lectotype: ♀, Colombia? (MLUH)].

Diagnosis. This species can be separated from other Pepsis species in the
Dominican Republic by having the integument black with bluish-purple metallic
reflections (Figs. 2.3B-C). Additionally, the antenna is orange; the pubescence on the
body is long and black, abundant on the propodeum; the pronotum has the collar
differentiated from the disc; the front basitarsus is weakly spined, the spines are in
two rows; the wing has the edge of first radial 2 cell rounded; and the fore and hind
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wings are smoky grey to black with purple reflections. The female (Fig. 2.3C) has the
dorsal face of the hind tibia serrate. The male (Fig. 2.3B) has the dorsal face of the
hind tibia not spinose.
Material examined. DOMINICAN REPUBLIC: La Vega, Cordillera Central,
4.1 km SW E1 Convento, 18–50–37N, 70–42–48W, 1730 m, dense secondary
evergreen forest with pine, hand collected, sample 22242, J. Rawlins et al.,
31.V.2003, 1 ♂ CMNH–364,035, 1 ♀ CMNH–370,162; 3 ♂, Hato Mayor, Parque
Los Haitises, 3 km W Cueva de Arena, 19–04N, 69–29W, 20 m, mesic lowland
forest, R. Davidson et al., 7–9.VII.1992, CMNH–369,834/ 370,478/ 370,729;
Pedernales, 23.5 km N Cabo Rojo, 18–06N, 71–38W, 540 m, J. Rawlins and S.
Thompson col., 1 ♂, 20.VII.1990, CMNH–371,108, 1 ♀, 13.VII.1990, CMNH–
370,545; Pedernales, 1 km S Los Arroyos, 1125 m, 18–14N, 71–45W, second growth
forest, R. Davidson et al., 18.X.1991, 2 ♂, CMNH–369,635/369,850; Pedernales, 5
km, NE Los Arroyos, 1680 m, 18–15N, 71–45W, cloud forest, R. Davidson et al.,
30.IX.1991, 3 ♂, CMNH–370,557/ 370,595/ 371,273, 2 ♀, CMNH–370,231/
370,479; Barahona, Eastern Sierra Bahoruco, Reserva Cachote, 12.8 km NE Paraiso,
18–05–54N, 71–11–21W, 1230 m, cloud forest with tree ferns, hand collected,
sample 44245, J. Rawlins et al. 22–23.XI.2004, 1 ♀, CMNH–369,828, 5 ♂, CMNH–
371,456/ 370,070/ 406,569/ 364,216/ 371,069; Independencia, Sierra de Bahoruco,
north slope, 13.5 km SE Puerto Escondido, 2 ♂, 18–12–18N, 71–31–08W, 1789 m,
ecotonal Pinus grassland, hand collected, sample 41145, J. Rawlins et al., 24–
25.XI.2004, CMNH–369,698/ 371,217, 1 ♀, 18–12–24N, 71–30–54W, 1807 m,
broadleaf Pinus dense woodland, hand collected, sample 41245, 24–25.XI.2004,
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CMNH–409,816; Independencia, 3 km ESE El Aguacate, north slope Sierra de
Baoruco, 1980 m, 18–18N, 71–42W, Pine woodland, J. Rawlins et al., 28–
29.IX.1991, 1 ♂, CMNH–370,635, 1 ♀, CMNH–369,506; 1 ♀, La Altagracia, 2 km
N Bayahibe, 18–23N, 68–51W, 10 m, dry seasonal forest, on limestone, C. Young et
al., 3.VII.1992, CMNH–370,321; 1 ♂, Pedernales, La Abeja, 38 km NNW Cabo
Rojo, (18–09N, 71–38W), 1250 m, J. Rawlins and R. Davidson col., 15.VII.1987,
CMNH–370,129; 1 ♀, Puerto Playa Prov[incia] Sosua, G. C. Eickwort col,
23.VII.1986 (CUIC); 1 ♀, 1 ♂, Sosua, E. Puerto Plata, 14 Jan, M. Alfenito col., 7–
15.I.1984 (CUIC).
Distribution. Caribbean (except Jamaica and south of Guadeloupe) (Vardy
2005), Florida, and northern South America.
Host. Vardy (2005) speculated that females prey on small individuals of spiders,
but prey species are unknown.
Remarks. This species is distinguished from the other Dominican Republic
species by having a violet body and dark wings with purple reflections. This is the
largest species in the Dominican Republic. Pepsis ruficornis is found in dense forests
where females run on the ground and seem to check a limited number of areas before
abandoning an area; they rarely use dense clusters of leaf litter to search (Vardy
2005). Vardy (2005) also commented on possible aggregations of males at night and
the difficulty of observing this behavior due to the preference of this species for
forested areas.
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Priocnemis Schiødte, 1837

Type species Sphex exaltata Fabricius, 1775, designated by Westwood 1840.

Remarks. This is a worldwide-distributed genus, with highest diversity in the
Holarctic region (Townes 1957). Priocnemis has been reported for Cuba (Alayo
1969) and Puerto Rico (Snelling & Torres 2004) – the last record has been related to
human trade history. This is the first record of the genus Priocnemis for the
Dominican Republic.

Priocnemis (Priocnemis) cornica (Say, 1836)

Pompilus (Miscus) cornicus Say, 1836, Boston Journal of Natural History, vol. 1, p.
305 [Holotype: ♀, USA, Indiana (destroyed)].
Pompilus (Priocnemis) pompilius Cresson, 1867, Transactions of the American
Entomological Society, vol. 1, p. 116 [Lectotype: ♀, USA, Pennsylvania
(ANSP)].
Ageniella eximia Banks, 1919a, Canadian Entomologist, vol. 51, p. 83 [Lectotype: ♂,
USA, Virginia, (MZC)].
Ageniella aludra Brimley, 1928, Journal Elisha Mitchell Scientific Society, vol. 43, p.
201 [Holotype: ♂, USA, Raleigh (NCSU)].
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Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is black (Figs. 2.5H-I); the antenna is black; the
pubescence on the body is short and reddish; the pronotum has the collar
differentiated from the disc; the dorsal face of the hind tibia has scale-like spines; the
front basitarsus is not spined; apical tarsomere of hind leg without lateral spines; and
the fore and hind wings are darkened. Additionally, the male (Fig. 2.5H) has half of
the middle and hind femora with a more or less extensive reddish brown marking and
the wing is less darkened than in the female (Fig. 2.5I).
Material examined. [DOMINICAN REPUBLIC]: 1 ♀, Mano Juan, Isla Saona,
Romana, Prov[incia] La Romana, R. D., Marcano col., 26.I.1980 (MHND) 13972.
Distribution. Southern Canada to Mexico, Puerto Rico (Snelling & Torres
2004), Dominican Republic.
Host. A variety of species and families of spiders have been associated with P.
cornica as prey: Hypselistes florens (Cambridge) (Linyphiidae); Allocosa funerea
(Hentz), Schizocosa crassipalpis (Emerton), Trochosa terricola Thorell (Lycosidae);
Drassylus sp., Haplodrassus signifier (Koch) (Gnaphosidae); Clubiona kastoni
Gertsch (Clubionidae); Xysticus sp. (Thomisidae); Eris marginata (Walckenaer),
Icius hartii Emerton, Metaphidippus protervus (Walckenaer), and Metaphidippus sp.
(Salticidae) (Kurczewski et al. 1987). Kurczewski (1981) described a nest of a variant
of P. cornica in which specimens have red metasoma. The observation was made in
Florida and the female was caught in a two-cell sand burrow, where each cell was
filled with one Arctosa sp., possibly A. furtiva Gertsch, facing head outward and
dorsum up (Kurczewski 1981).
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Remarks. The single specimen studied here is in bad condition. Perez-Gelabert
(2008) reported two other Priocnemis species (P. arioles Banks and P. ursula Banks),
but both are currently classified as Ageniella (see Ageniella section). Snelling and
Torres (2004) recorded one male and one female of P. cornica in Puerto Rico.
Although this is a Nearctic species, Snelling and Torres (2004) discussed the recent
introduction to of P. cornica to the Caribbean fauna from USA, maybe due to the
trade of live plants.

Priocnessus Banks, 1925

Type species Salius (Priocnemis) neotropicalis Cameron, 1891, designated by
Pate 1946.

Remarks. This is a Neotropical genus with records ranging into the southern
portions of the Nearctic region (Townes 1957). There are about 13 described species
of Priocnessus, but only five, including the new species, are found in the Caribbean
(Cuba). This is the first record of Priocnessus for the Dominican Republic.

Key to the species of Priocnessus Banks of the Caribbean Islands

1 Head and thorax without white spots, regardless color of integument … 2
- Head and thorax with pale yellow or creamy white spots; whitish streak on head;
Trinidad … P. ornatus Banks
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2 Body reddish; wings yellow … 3
- Body not fully reddish, thorax or metasoma black; wings not yellowish … 4
3 Body reddish yellow; antenna pale on first and second joints, black beyond; wings
yellowish, darkened basaly, over most of marginal cell, part of third discoidal cell,
and apex; Jamaica … P. monticulus (Banks)
- Body reddish, apex of metasoma and legs brownish orange; antenna reddish, except
apex; wing yellowish hyaline with apex and median band darkened; Cuba … P.
nubeculatus (Cresson)
4 Apical margin of clypeus with median tooth; metasoma mostly black, with large
yellowish spots edged with rufous on each side of first four tergites, last tergite
rufous; underside of first antennal joint yellowish; eyes with yellowish spots
posteriorly; wings slightely darker beneath; Mexico, Cuba … P. orbiculatus (Smith)
- Apical margin of clypeus with two lateral teeth; metasoma and legs orange-red;
antenna black dorsaly, orange underside; eyes with orange spots in the inner face;
hind and fore wings darkened, fore wing darker with purplish reflections; Dominican
Republic … P. vancei Waichert & Pitts sp. nov.

Priocnessus vancei Waichert & Pitts, sp. nov.
(Figs. 2.1H, 2.5K-L)

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument on the head, mesosoma, and coxae is black, while
metasoma and legs are red; the antenna is black (Fig. 2.5L) with orange underside;

65

	
  

the clypeus is enlarged (Fig. 2.1H), trapezoidal, apical margin with two teeth laterally
and one median rounded tooth; the pubescence on the body is long and black,
abundant on the propodeum; the pronotum has the collar differentiated from the disc;
the dorsal face of the hind tibia has scale-like spines; the fore and hind wings are
darkened with purplish reflections. The male of this species is unknown.
Description. Holotype, female. Body length 14.70 mm. Fore wing 11.50 mm;
maximum wing width 3.20 mm.
Coloration. Head black with small orange maculation between torulus, and on
internal, outer, and superior margin of eye; clypeus black, dark reddish brown on
apical margin; mandibular and maxillary palpi dark reddish brown; mandible dark
brown, somewhat orange, base darker, almost black; antenna black, inferior margin of
flageromeres orange; pronotum, mesosoma, and propodeum black; metasoma orange,
first segment with black spots; wing darkened.
Head (Fig. 2.1H). Head wide; TFD 1.12 × FD; MID 0.65 × FD. Ocelli in nearly
right triangle; lateral ocelli closer to each other than to compound eyes; POL 1.22 ×
OOL. Mandible wide, with two sharpened apical teeth, basalmost longer; pubescence
long, abundant. Clypeus truncate, large, anterior margin sinuous, giving impression of
having three-rounded apical teeth; inferior margin not enlarged; LC 0.52 × WC;
clypeal projection absent medially; dorsal surface slightly convex laterally; anterior
margin coriaceus. Maxillary beard absent. Antenna elongate; length of fourth segment
3.50 × its width; ratio of the first four antennal segments 11:4:19:15; WA3 0.21 ×
LA3; LA3 0.86 × UID.
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Mesosoma (Figs. 2.5K-L). Pubescence abundant on entire body; body with both
long and short setae, black and whitish respectively; punctuation inconspicuous.
Pronotum not elongated, posterior margin angulated, width 5.43 × length; pronotal
collar inconspicuous. Notauli absent. Postnotum with integument covered by setae.
Propodeum punctuate, covered by long and short setae; propodeal disc coarsely
setose, setae equally abundant. Wing long; length of first radial 2 cell 0.56 × distance
from its origin to wing apex; third radial sector 1.36 × longer than second; 2m-cu vein
slightly curved, meeting third radial sector 0.50 × distance from base to apex of cell.
Front tibia spines absent on anterior margin, few on base; mid tibia spines present,
thick, sharpened, abundant; hind tibia dorsal teeth present, scale-like, arranged on
rows; tibial brush thick, complete.
Metasoma. Metasoma coriaceus, covered by short golden pubescence; long
abundant setae present on sternum and tergum 1, 4–7; pygidium covered by both
golden-short and black-long erect setae; terminal metasomal sternum with long,
abundant setae; metasoma 1.45 × as long as mesosoma.
Etymology. Named in honor of Willard Huntington Wright (1888–1939), an
American crime writer who created the fictional detective, Philo Vance.
Material examined. Holotype, ♀. DOMINICAN REPUBLIC: Pedernales, Sierra
de Baoruco, Aceitillar, 23.6 km NE Pedernales, 18–09–23N, 71–34–09W, 1560 m,
open pine forest with grassland, hand collected, sample 42142, C. Young et al.,
CMNH–369,954.
Distribution. Dominican Republic.
Host. Unknown.
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Remarks. We were unable to determine what species are morphologically
similar to P. vancei due to the problematic state of taxonomy in this genus. A single
species, P. nubeculatus (Cresson), was recorded for Cuba by Ferrer and Triana
(2004). Priocnessus vancei, however, differs from P. nubeculatus by the thorax and
head coloration, which is darkened-reddish brown in P. nubeculatus and black in P.
vancei. The wing of P. vancei is subtranslucent with slight blue reflections while in P.
nubeculatus it is yellow translucent with apex darkened.

Subfamily Pompilinae

Key to the Pompilinae of the Dominican Republic

Females

1 Pronotum with collar not well differentiated from disc; streptaulus absent medially
and collar on nearly same plane as disc (Fig. 2.8A), or if on lower plane streptaulus
absent altogether; pronotum longer than mesonotum (Fig. 2.8A); eyes sometimes
wholly covered with short setae … 2
- Pronotum with collar separated from disc by complete streptaulus; disc sloping
upward strongly from collar; pronotum shorter than mesonotum along midline, or at
least not notably longer (Fig. 2.8B); eyes never setose … 4
2 Fore wing with three radial sectors; front femora not swollen (Fig. 2.8A);
integument black with bluish tomentum … Psorthaspis hispaniolae Bradley
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- Fore wing with two radial sectors; front femora usually swollen; integument black
with red markings (Fig. 2.8C) (Drepanaporus Bradley) ... 3
3 Eyes setose; 2m-cu vein of fore wing interstitial or slightly distal 2r-m vein (Fig.
2.2H) … Drepanaporus antillarum (Bradley)
- Eyes with or without vestigial setae; 2m-cu vein of fore wing not interstitial with 2rm vein (Fig. 2.2C)… Drepanaporus collaris (Cresson)
4 Postnotum arcuately broadened on each side of median line, then constricted again
opposite to propodeal spiracles (Fig. 2.8D) … 5
- Postnotum transverse band with nearly parallel margins, or broadened at midline
(Fig. 2.8G) … 6
5 Metasomal tergum l, and usually parts of propodeum and thorax, bearing scale-like
pubescence (Fig. 2.8E); integument black on mesosoma and metasoma … Episyron
conterminus cressoni (Dewitz)
- Body without scale-like pubescence; integument black with yellow markings on
mesosoma, and dark brown with yellow stripes on metasoma … Poecilopompilus
mixtus (Fabricius)
6 2m-cu vein of fore wing arising on cubital vein much more than half distance from
base of second medial cell to outer wing margin (Fig. 2.2E); apical tergum not
densely bristly; front with blunt tubercle between and slightly above antennal sockets
(Fig. 2.1I) … Tachypompilus ferrugineus bicolor (Banks)
- 2m-cu vein of fore wing arising on cubital vein about half or somewhat less than
half distance from base of medial cell to outer wing margin (Fig. 2.2D), or if
somewhat more than half (some Anoplius) then apical tergum densely bristly; front
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without blunt tubercle … 7
7 Propodeum bearing distinct, more or less conical processes posterolaterally (Fig.
2.8F); body patterned with silvery and darker pubescence … Aporinellus medianus
Banks
- Propodeum not produced posterolaterally into sharp, conical processes; body not
patterned with silvery and darker pubescence (Anoplius Dufour)... 8
8 Integument black without bluish pubescence; metasoma red … 9
- Integument black with bluish pubescence; metasoma black … 10
9 1cu-a vein of fore wing meeting M+Cu vein slightly beyond origin of M vein (Fig.
2.2G) … Anoplius hispaniolae Evans
- 1cu-a vein of fore wing meeting M+Cu vein at origin of M vein (Fig. 2.2F)…
Anoplius americanus ambiguus (Dahlbom)
10 Front basitarsus weakly spined, spines in upper row minute (Fig. 2.8H) …
Anoplius fulgidus (Cresson)
- Front basitarsus bearing four comb-spines slightly longer than width of tarsus at
their base (Fig. 2.8I) … Anoplius amethystinus amethystinus (Fabricius)

Males

1 Two radial sectors in fore wing … 2
- Three radial sectors in fore wing … 4
2 Propodeum bearing distinct, conical processes posterolaterally (Fig. 2.8F) …
Aporinellus medianus Banks
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- Propodeum not produced posterolaterally into sharp, conical processes
(Drepanaporus Bradley) … 3
3 2m-cu vein of fore wing not interstitial with 2r-m vein (Fig. 2.2C); antennal
segment four as or longer than 1.50 × its width … Drepanaporus collaris (Cresson)
- 2m-cu vein of fore wing interstitial or slightly distal to 2r-m vein (Fig. 2.2H);
antennal segment four shorter than 1.50 × its width … Drepanaporus antillarum
(Bradley)
4 Postnotum arcuately broadened on each side of median line, then constricted again
(Fig. 2.8D) … 5
- Postnotum a transverse band of variable width, with nearly parallel anterior and
posterior margins (Fig. 2.8G) … 6
5 Propodeum and metasomal tergum 1 with appressed, scale-like pubescence;
integument black on mesosoma and metasoma (Fig. 2.8E) … Episyron conterminus
cressoni (Dewitz)
- Propodeum and metasomal tergum 1 glabrous; integument black with yellow
markings on mesosoma, and dark brown with yellow stripes on metasoma …
Poecilopompilus mixtus (Fabricius)
6 2m-cu vein of fore wing arising on Cu vein much more than half distance from base
of second medial cell to outer wing margin (Fig. 2.2E); integument wholly reddish
black; blunt tubercle just above antennal sockets (Fig. 2.1I) ... Tachypompilus
ferrugineus bicolor (Banks)
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- 2m-cu vein arising on Cu vein about or some-what less than half distance from base
of second medial cell to outer wing margin (Fig. 2.2D); integument variable but not
completely reddish brown; without blunt tubercle just above antennal sockets ... 7
7 Anterior margin of clypeus convexly rounded (Fig. 2.1J); pronotum rather long, as
long or longer than mesonotum; antennal segments short, third segment less than 2.0
× as long as thick … Psorthaspis hispaniolae Bradley
- Anterior margin of clypeus truncate or slightly emarginated; pronotum shorter than
mesonotum; antennal segments longer, third segment more than 2.0 × as long as thick
(Anoplius Dufour)… 8
8 Integument completely black with bluish pubescence … 9
- Integument of head and mesosoma black, metasoma red … 10
9 Venter bearing moderately abundant short, suberect setae, not long or dense enough
to form brushes (Fig. 2.8K) … Anoplius fulgidus (Cresson)
-Metasomal sterna (except first) each with numerous strong setae in transverse band
(Fig. 2.8J) … Anoplius amethystinus amethystinus (Fabricius)
10 Metasoma orange-brown on second and third segments; 1cu-a vein of fore wing
meeting M+Cu vein slightly beyond origin of M vein (Fig. 2.2G) … Anoplius
hispaniolae Evans
- Basal portion of metasoma sometimes orange-brown; transverse median vein of fore
wing meeting median at origin of basal (Fig. 2.2F) … Anoplius americanus ambiguus
(Dahlbom)
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Anoplius Dufour, 1834

Type species Sphex nigerrima Scopoli, 1763, designated by ICZN (1973).

Remarks. This is one of the most species-rich genera in Pompilinae. It has a
cosmopolitan distribution with 6 subgenera found in the Neotropics (Evans 1966).
Four of these (Anoplius Dufour, 1834, Arachnophroctonus Howard, 1901, and
Notiochares Banks, 1917) have been reported for the Dominican Republic (Wasbauer
& Kimsey 1985; Evans 1966; Snelling & Torres 2004). These four subgenera have a
tarsal comb except for Anoplius, and each has one species record for this country.

Anoplius (Anoplius) fulgidus (Cresson, 1865)

Pompilus fulgidus Cresson, 1865, Proceedings of the Entomological Society of
Philadelphia, vol. 4, p. 131 [Holotype: ♀, CUBA (ANSP)].
Pompilus aeneopurpureus Fox, 1891, Transactions of the American Entomological
Society, Philadelphia, vol. 18, p. 339 [Holotype: ♀, JAMAICA, Portland
(ANSP)].
Pompilus championi Cameron, 1893, Biologia Centrali-Americana, vol. 2, p. 196
[Holotype: ♀, GUATEMALA, Guatemala City (BMNH)].
Pompilus mundulus Fox, 1897, Proceedings of the Academy of Natural Sciences of
Philadelphia, vol. 49, p. 243–244 [Holotype: ♀, BRAZIL, Chapada (ANSP)].
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Anoplius amarus Banks, 1947, Bulletin of the Museum of Comparative Zoology, vol.
99, p. 416–417 [Holotype: ♀, PERU, Puerto Pichis (CUIC)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is brilliant metallic blue (Figs. 2.6C-D); the pubescence
on the body is bluish to ash-grey; the pronotum has a collar differentiated from the
disc; the third antennal segment is more than 2.0 × as long as wide; the fore wing has
a Cu vein distinctly deflected downward at the base forming a posterior pocket in the
second medial cell; and the wings are uniformly dark. Additionally, the female (Fig.
2.6C) has a weakly spined front basitarsus, where the spines in the upper row are
minute (Fig. 2.8H). The male (Fig. 2.6D) has moderately abundant short, suberect
setae in the venter, which are not long or dense enough to form brushes (Fig. 2.8K).
Material examined. DOMINICAN REPUBLIC: 4 ♂, Barahona, Eastern Sierra
Bahoruco, Reserva Cachote, 12 km NE Paraiso, (18–05–54N, 71–11–21W), 1230 m,
21–23.III.2004, cloud forest with tree ferns, yellow pan trap, sample 44263, J.
Rawlins et al. CMNH–370,099/ 370,305/ 370,622/ 371,062; 1 ♂, La Estrelleta, Rio
Limpio, 650m, 15.VIII.1980, malaise trap, A. Norrbom CMNH–370,570; 1 ♂,
Peravia, Arroyo Canas, 650 m, 15.VIII.1980, malaise trap, A. Norrbom CMNH–
370,447; Pedernales, Upper Las Abejas, 38 km NNW Cabo Rojo, (18–09N, 71–
38W), 1350 m, 22.VI.1990, Mesic deciduous forest, sweeping, L. Masner , 8 ♂
CMNH–369,922/ 370,783/ 370,660/ 370,659/ 370,488/ 369,653/ 370,895/ 363,144, 1
♀ CMNH–371,196; 2 ♂, La Vega, Cordillera Central Loma Casabito, 15.8 km NW
Bonao, (19–02–12N, 70–31–08W), 1455 m, 28.V.2003, evergreen cloud forest, east
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slope, yellow pan trap, sample 21262, J. Rawlins et al., 1 ♂, Azua, East Side of Crest,
Sierra Martin Gracia, 7 km WNW Barrero, (18–21N, 70–50W), 860 m, 25–
26.VII.1992, cloud forest adjacent to disturbed forest, C. Young et al. CMNH–
371,052; 1 ♂, Independencia, Sierra de Neiba just south of crest, 5 km NNW Angel
Feliz, 1780 m, (18–41N, 71–47W), 13–15.X.1991, cloud forest, J. Rawlins et al.
CMNH–370,898; 1 ♂, Provincia Sanchez, Ramirez, 23 km SW Cotui, 7.X.1986, W.
J. Pulawski (CAS); 1 ♂, Provincia Hato Mayor, Farm Mango Limpio (25 km NNW
Hato Mayor), 29.X.1986, W. J. Pulawski (CAS); 1 ♂, Distrito Nacional, Haina,
1.X.1986, W. J. Pulawski (CAS).
Distribution. Argentina, Brazil, Peru, Central America, Caribbean, USA
(southern Florida, Texas, southern Utah, southern California) (Wasbauer & Kimsey
1985).
Host. Pirata sedentarius Montgomery (Lycosidae) (Wasbauer 1955) and
Arctosus sp. nr. littoralis (Hentz) (Lycosidae) (Kurczewski & Kurczewski 1968).
Remarks. This is one of the two Dominican Republic Anoplius species with
bluish coloration. Anoplius fulgidus can be separated from A. amethystinus
amethystinus by the absence of strong spines on the front basitarsus of the female
(Fig. 2.8H); the ventral setae not forming brushes on the metasoma in the former (Fig.
2.8K); and presence of these characters in the latter (Figs. 2.8I-J). This species is
morphologically similar to others in the A. nigerrimus species-group, but the color
serves to separate males and females from other species in the subgenus Anoplius
(Wasbauer &Kimsey 1985). There is only one record of flower visitation by the
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adults (Evans 1951). Wasbauer (1955) observed the hunting behavior of females near
the edge of a stream.

Anoplius (Arachnophroctonus) americanus ambiguus (Dahlbom, 1845)

Pompilus ambiguus Dahlbom, 1845, Hymenoptera Europaea Praecipue Borealia, sup.
1, p. 452 [Holotype: ♀, MEXICO, (MZLU)].
Pompilus coruscus Smith, 1855, Catalogue of hymenopterous insects in the collection
of the British Museum. Mutillidae and Pompilidae, part III, p. 156 [Holotype:
♀, Santo Domingo (BMNH)].
Pompilus juxtus Cresson, 1865, Proceedings of the Entomological Society of
Philadelphia, vol. 4, p.128 [Holotype: ♀, CUBA (ANSP)].
Pompilus subargenteus Cresson, 1865, Proceedings of the Entomological Society of
Philadelphia, vol. 4, p. 129 [Holotype: ♀, Cuba (IZAC)].
Anoplius puella Banks, 1941, Canadian Entomologist, vol. 73, p. 121 [Holotype: ♀,
TEXAS, Galveston (MCZC)].
Pompilinus orthodes Banks, 1944, Zoologica, vol. 29, p. 112 [Holotype: ♀, BRITISH
GUIANA, Georgetown (MCZC)].
Anoplius varunus Banks, 1947, Harvard College, vol. 99, p. 419 [Holotype: ♀,
BRITISH GUIANA, New Amsterdam (MCZC)].

Diagnosis. This subspecies can be recognized by the following unique
combination of characters: the third antennal segment is more than 2.0 × as long as
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wide; the 1cu-a vein meets the M+Cu vein at or slightly off the origin of the M; the
Cul vein is distinctly deflected downward at the base forming a posterior pocket in
the second medial cell; and the fore wing has three radial sectors. Additionally, the
female (Fig. 2.6A) has black integument on the head, mesosoma and legs; the
metasoma is bright orange-brown basally; the front tarsi have a tarsal rake; and the
pronotum has the collar differentiated from the disc. The male (Fig. 2.6B) is entirely
black, sometimes has a whitish stripe on the posterior margin of the pronotum, and
the basal portion of the metasoma is sometimes orange-brown.
Material examined. DOMINICAN REPUBLIC: 1 ♂, Independencia, Sierra de
Bahoruco, north slope, 13.5 km SE Puerto Escondido, (18–12–24N, 71–30–54W),
1807 m, 24–26.III.2004, broadleaf Pinus dense woodland, yellow pan trap, sample
41263, R. Davidson et al. CMNH–370,183; 1 ♂, La Vega, Cordillera Central, 4.1 km
SW El Convento, (18–50–37N, 70–42–48W), 1730 m, 31.V.2003, dense secondary
evergreen forest with pine, yellow pan trap, sample 22262, J. Rawlins et al. CMNH–
370,284; 1 ♀, 2 ♂, Distrito Nacional Haina, 1.XI.1986, W. J. Pulawski (CAS); 1 ♀, 2
♂, Provincia Hato Mayor, Farm Mango Limpio (25 km NW Hato Mayor),
29.X.1986, W. J. Pulawski (CAS); 1 ♀, Provincia Pedernales, Oviedo, 5.XI.1986, W.
J. Pulawski (CAS); 1 ♀, Provincia Barahona, Barahona, 3.XI.1986, W. J. Pulawski
(CAS); Punta Cana, Biodiversity Center, 5–7.X.08, Y[ellow] P[an] T[rap], Sand Hill,
SEL Hym.
Distribution. North coast of South America, Caribbean, Central America north
to California, Utah, Kansas and Alabama (Wasbauer & Kimsey 1985), Cuba (Alayo

77

	
  

1976, Portuondo & Fernández 2003, Ferrer & Triana 2004), Hispaniola, and Puerto
Rico (Snelling & Torres 2004).
Host. Two Lycosidae (Arctosa littoralis (Hentz) and Schizocosa crassipes
(Walckenaer)), one Thomisidae, and one Oxypidae (Peucetia uiridans (Hentz)) hosts
have been reported (Evans 1951, Hurd & Wasbauer 1956, Evans & Yoshimoto 1962).
Remarks. The subspecies of Anoplius with red metasoma found in the
Dominican Republic are A. (Arachnophroctonus) americanus ambiguous and A. (A.)
hispaniolae. These two taxa are similar in color pattern and are better separated by
wing venation characters than coloration. In A. hispaniolae the 1cu-a vein of the fore
wing meets the M+Cu vein slightly beyond the origin of the M (Fig. 2.2G), while in
A. americanus ambiguus the 1cu-a vein meets the M+Cu vein at or slightly off the
origin on the M (Fig. 2.2F). Anoplius americanus ambiguus is a highly variable
subspecies with known polymorphism in the males (Evans 1966). There are four
forms reported by Evans (1966) according to the color of the metasoma and the
amount of erect setae on the metasomal sterna. This species nests more often on
sloping banks with a soil texture that is intermediate between sand and clay (Evans
1951). Adults often visit plants and have been found at flowers and extrafloral
nectaries. They are parasitized by Evagetes mohave (Banks), a cleptoparasitic spider
wasp (Evans 1950). This species was reported for the Dominican Republic by PerezGelabert (2008) as Pompilus coruscus Smith.
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Anoplius (Notiochares) amethystinus amethystinus (Fabricius, 1793)

Sphex amethystina Fabricius, 1793, Entomologia Systematica Emendata et Aucta,
vol. 2, p. 210 [Holotype: ♀, VIRGIN ISLANDS (collection unknown)].
Pompilus anceps Cresson, 1865, Proceedings of the Entomological Society of
Philadelphia, vol. 4, p. 130 [Syntype: 2 ♂, CUBA (ANSP)]. Nom. praeocc., non
Smith, 1862.
Pompilus cubensis Cresson, 1867: 93. [New name for P. anceps Cresson, 1865].
Pompilus propinquus Fox, 1891, Transactions of the American Entomological
Society, Philadelphia, vol. 18, p. 339 [Holotype: ♀, JAMAICA, Kingston
(USNM)]. Nom. praeocc., nec Smith 1879.
Pompilus dux Dalla Torre, 1897, Catalogus Hymenopterorum, vol. 8, p. 286 [New
name for P. propinquus Fox, 1891].
Pompilus amethystinoides Strand, 1911, Archive fur Naturgeschichte, vol. 77, p. 147
[Proposed as new name for amethystinus Taschenberg, believed to differ from
amethystinus Fabricius].
Pompilus philadelphicus var. floridensis Banks, 1917, Bulletin of the Museum of
Comparative Zoology, vol. 61, p.106 [Holotype: ♀, FLORIDA, Gulfport
(MCZC)].

Diagnosis. This subspecies can be recognized by the following unique
combination of characters: the integument is black; the pubescence on the body is
brilliant dark-blue or blue-green (Figs. 2.6E-F); the third antennal segment is more
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than 2.0 × longer than wide; and the fore wing has a Cu vein distinctly deflected
downward at the base forming a posterior pocket in the second medial cell.
Additionally, the female (Fig. 2.6F) has four comb-spines on the front basitarsus,
which are slightly longer than the width of the tarsus at their base, and the second
segment has a spine on the outer side near the middle that is as long its apex (Fig.
2.8I). The male (Fig. 2.6E) has a number of strong setae in a transverse band on the
metasomal sterna (except the first) (Fig. 2.8J).
Material examined. DOMINICAN REPUBLIC: 10 ♀, La Vega, Cordillera
Central Loma Casabito, 15.8 km NW Bonao, (19–02–12N, 70–31–08W), 1455 m,
28.V.2003, evergreen cloud forest, east slope, yellow pan trap, sample 21262, J.
Rawlins et al.CMNH–371,166/ 370,456/ 370,251/ 369,692/ 370,468/ 370,592/
371,454/ 370,506/ 370,741/ 370,393; 2 ♀, Independencia, Sierra de Bahoruco, north
slope, 13.5 km SE Puerto Escondido, 2 ♂, 18–12–18N, 71–31–08W, 1789 m,
ecotonal Pinus grassland, hand collected, sample 41145, 24–25.XI.2004, J. Rawlins
et al., CMNH–370,061/ 371,320; Distrito Nacional, Santo Domingo, Parque Paseo de
los Indios, (18–26–53N, 69–56–39W), 60 m, 1–10.XI.2002, urban park near ocean,
hand collected, sample 50449, A. Walter, 3 ♀ CMNH–370,017/ 369,910/ 369,802, 5
♂ CMNH–371,302/ 363,552/ 370,086/ 370,903/ 370,016; 1 ♂, 1 ♀, Provincia
Sanchez, Ramirez, 23 km SW Cotui, 7.XI.1986, W. J. Pulawski (CAS); 1 ♂, Peravia,
Arroyo Cana, 650 m, 8.VIII.1980, A. Norrbom, CMNH–370,541; 1 ♂, Distrito
Nacional, Haina, 1.XI.1986, W. Pulanksi (CAS); 1 ♂, Provincia Hato Mayor, Farm
Mango Limpio (25 km NNW Hato Mayor), 29.X.1986, J. Pulawski (CAS).
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Distribution. Arizona and southern California, Panama to Mexico. Caribbean
from Guadeloupe to Jamaica, Cuba, Bahamas, and southern Florida (Evans 1966).
Host. Lycosidae spiders that burrow in the soil (Snelling & Torres 2004).
Remarks. This subspecies resembles A. (Anoplius) fulgidus in coloration. It can
be separated from it by the presence of strong spines on the front basitarsus of the
female (Fig. 2.8I), and ventral setae forming brushes on the metasoma in A.
amethystinus amethystinus (Fig. 2.8J). There is no significant morphological variation
through the species range (Evans 1966). Adults have been observed on flowers of
Heliotropium indicum (Wolcott 1948).

Anoplius (Arachnophroctonus) hispaniolae Evans, 1966

Anoplius (Pompilinus) hispaniolae Evans, 1966, Memoirs of the American
Entomological Society, vol. 20, p. 324–325 [Holotype: ♂, HAITI, Port Au
Prince (MCZC)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the third antennal segment is more than 2.0 × as long as wide; the 1cu-a
vein of the fore wing meets the M+Cu vein slightly beyond the origin of the M; and
the fore wing has a Cu vein distinctly deflected downward at the base forming a
posterior pocket in the second medial cell and three radial sectors (Fig. 2.2G).
Additionally, the female (Fig. 2.6G) has black integument except on metasomal terga
1–3 and all but the apical margin of metasomal tergum 4, which are bright orange-
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brown; a tarsal comb with short spines; and the pronotum with the collar
differentiated from the disc. The male (Fig. 2.6H) has the integument black; the
posterior margin of the pronotum sometimes has a whitish stripe; and the metasoma is
orange-brown on the second and third segments.
Material examined. DOMINICAN REPUBLIC: Independencia, Sierra de
Bahoruco, north slope, 13.5 km SE Puerto Escondido, (18–12–24N, 71–30–54W),
1807 m, 24–25.III.2004, J. E. Rawlins et al. ecotonal Pinus grassland, sample 41165,
1 ♂ CMNH–371,232, 1 ♀ CMNH–370,286, broadleaf dense Pinus dense woodland,
hand collected, 1 ♀ CMNH–367,355; Pedernales, Sierra de Bahoruco, Aceitillar, 25.4
km ENE Pedernales, (18–05–27N, 71–31–08W), 1270 m, 14.VI.2003, E. Young et
al. 5 ♂ CMNH–370,480/ 371,188/ 366,757/ 371,281/ 370,105 3 ♀ CMNH–363,476/
371,078 (dense broadleaf forest , pine, yellow pan trap, sample 42262), 1 ♀ CMNH–
370,913 (dense broadleaf seasonal forest, pine, malaise trap, sample 42382), 2 ♀
CMNH–366,853/ 370,153 (open pine forest with grassland, yellow pan trap, sample
42162); 2 ♂, 8 ♀, Pedernales, La Abeja, 38 km NNW Cabo Rojo, (18–09N, 71–
38W), 1250 m, 15.VII.1987, J. Rawlins, R. Davidson (CMNH), 1 ♀ CMNH–
370,283; Distrito Nacional, Santo Domingo, Parque Paseo de los Indios, (18–26–
53N, 69–56–39W), 60 m, 1–10.XI.2002, urban park near ocean, hand collected,
sample 50449, A. Walter, 1 ♂ CMNH–286,811, 1 ♀ CMNH–369,972; Pedernales, 37
km N Cabo Rojo, (18–09N, 71–35W), 1500 m, 11.VII.1987, (CMNH), 2 ♂ CMNH–
370.077/ 364,586, 2 ♀ CMNH–370,090/ 366,796; La Vega, Cordillera Central, 4.1
km SW El Convento, (18–50–37N, 70–42–48W), 1730 m, 31.V.2003, dense
secondary evergreen forest with pine, yellow pan trap, sample 22262, J. Rawlins et al.

82

	
  

3 ♂ CMNH–370,279/ 370,430/ 370,398, 4 ♀ CMNH–369,661/ 371,067/ 370,244/
371,048/ 369,992/ 370,669; 1 ♀, Barahona, Eastern Sierra Bahoruco, Reserva
Cachote, 12 km NE Paraiso, (18–05–54N, 71–11–21W), 1230 m, 21–23.III.2004,
cloud forest with tree ferns, yellow pan trap, sample 44263, J. Rawlins et al. CMNH–
369,992; 1 ♀, La Vega, Cordillera Central, Reserva Valle Nuevo, La Nevera, 15.1 km
SE Valle Nuevo, 18–41–47N, 70–35–30W, 2252 m, 3.VI.2003, montane meadow in
cloud forest, pine, yellow pan trap, sample 24462, CMNH–370,664; 1 ♀, Pedernales,
El Aceitillar, 7.XII.1978, Col. Vargas., MHND–00374; 2 ♂, Altagracia Prov.[ince],
Punta Cana, 13–14.IX.2008, Sand Mill, M[alaise] T[rap] (EMUS).
Distribution. Hispaniola and Puerto Rico (Snelling & Torres 2004)
Host. Unkown.
Remarks. This species bears a strong resemblance to A. (Arachnophroctonus)
americanus ambiguus in coloration and general morphology as discussed previously.
Evans (1966) mentioned the lack of a whitish stripe on the pronotum in A.
hispaniolae, but most males from the material studied here possess this band. The
most reliable character to distinguish them is the wing venation. In A. hispaniolae the
1cu-a vein of the fore wing meets the M+Cu vein slightly beyond the origin of the M
(Fig. 2.2G), while in A. americanus ambiguus the transverse median vein of the fore
wing meets the median at the origin of the basal vein (Fig. 2.2F).

Aporinellus Banks, 1912

Type species Aporus fasciatus Smith, 1855, by original designation.
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Remarks. The genus has four Neotropical species, from which only one is
recorded for the Caribbean (Fernández 2000). This is the first record of Aporinellus
for the Dominican Republic.

Aporinellus medianus Banks, 1917

Aporinellus medianus Banks, 1917, Bulletin of the Museum of Comparative Zoology,
vol. 61, p. 97 [Holotype: ♀, CALIFORNIA, El Cajon (MCZC)].
Aporinellus intermedius Banks, 1919b, Bulletin of the Museum of Comparative
Zoology, vol. 63, p. 240– 241 [Holotype: ♀, CALIFORNIA, Claremont
(CUIC)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is black; the body is patterned with silvery and darker
pubescence (Fig. 2.7A); the propodeum bears distinct conical processes
posterolaterally; and the Cu vein is distinctly deflected downward at base forming a
posterior pocket in the second medial cell.
Material examined. DOMINICAN REPUBLIC: La Altagracia, Parque del Este,
Caseta Guaraguao, 4.4 km SE Bayahibe, 18–19–59N, 68–48–42W, 3 m, 26–
27.V.2004, C. Young et al.1 ♂ CMNH–370,999 1 ♀ CMNH–370,640 (semihumid
forest near sea, limestone, yellow pan trap, sample 51164), 1 ♂ CMNH–370,051
(semihumid forest near sea, limestone, malaise trap, sample 51184), 1 ♀ CMNH–
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269,980 (semihumid forest near sea, limestone, UV light, sample 51114); 1 ♂,
Bahoruco, 5.8 km SW Neiba, eastern playa of Lago Enriquillo, 18–25–17N, 71–26–
38W, 5 m, 3.IV.2004, salt scrub on sandy playa, yellow pan trap, sample 50163, J.
Rawlins et al. CMNH–369,737; 1 ♂, Pedernales, 37 km N Cabo Rojo, (18–09N, 71–
35W), 1500 m, 11.VI.1987, R. Davidson, J. Rawlins, CMNH–369,863; 1 ♂,
Provincia Puerto Plata, Sosua, 31.X.1986, W. J. Pulawski (CAS); 3 ♂, 1 ♀, Provincia
Pedernales, Cabo Rojo, 4.X.1986, W. J. Pulawski (CAS); 1 ♂, 2 ♀, Provincia
Pedernales, Cabo Rojo, 5.XI.1986, W. J. Pulawski (CAS); 1 ♀, Altagracia
Prov.[ince], Punta Cana, 13–14.IX.2008, Sand Hill, M[alaise]T[rap]; 1 ♂, Punta
Cana, 11.IX.2008, West Biodiv.[ersity] Center, Sweep (EMUS).
Distribution. Throughout USA to southern Costa Rica (Wasbauer & Kimsey
1985), Cuba (Genaro 1996, Portuondo &Fernández 2003, Ferrer & Triana 2004), and
Dominican Republic.
Host. Wasbauer and Kimsey (1985) recorded six species of spiders used as a
host by A. medianus: Oxyopes salticus Hentz (Oxyopidae), Maevia vittata (Hentz)
(Salticidae), Phidippus whitmani Peckham & Peckham (Salticidae), Phidippus sp.
(Salticidae), Salticus sp. (Salticidae), Tibellus duttoni (Hentz) (Salticidae), and
Xysticus sp. near gulosus (Thomisidae).
Remarks. This is a very common species that is easily separated from any other
Dominican Republic Pompilidae by the presence of conical processes on the
propodeum (Fig. 2.8F). This species is often observed in open, sandy areas
(Wasbauer & Kimsey 1985). Adults of both sexes have been observed feeding from
honeydew secretions and extrafloral nectaries of various plant species. Females build
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their nests in sandy areas after hunting the spider prey, which is left on low plants
while the burrow is opened. The wasp then grabs the spider using its mouthparts and
drags it backwards (Wasbauer & Kimsey 1985). This is the first record of the species
for the Dominican Republic.

Drepanaporus Bradley, 1944

Type species Planiceps collaris Cresson, 1865, by original designation and
monotypy.

Remarks. This genus is only found in the Caribbean (Bradley 1944). The two
species described are found in the Dominican Republic. It is possible that more
species within Aporus belong to this group, but a comprehensive revision of the
genera in the tribe Aporini is needed to solve this issue. This is the first record of the
genus for the Dominican Republic.

Drepanaporus antillarum (Bradley, 1944), comb. nov.

Planiceps antillarum Bradley, 1944, Transactions of the American Entomological
Society, Philadelphia, vol. 70, p. 107–108 [Holotype: ♀, HAITI: Port Au Prince
or vicinity (MCZC)].
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Diagnosis. This species can be recognized by the following unique combination
of characters: the fore wing has two radial sectors; the 2m-cu vein is interstitial or
slightly distal of the 2r-m vein (Fig. 2.2H). Additionally, the female (Fig. 2.7C) is
black except for the following regions: a red band crossing on the streptaulus, a red
band on the posterior margin of the pronotum and the abdomen; and the eyes are
hairy. The male (Fig. 2.7B) is black with silvery pubescence.
Description. Male (hitherto unknown). Body length 6.00 mm. Fore wing 4.95
mm; maximum wing width 1.65 mm.
Coloration. Head and mesosoma entirely black; posterior margin of propodeum
sometimes with an inconspicuous whitish band; metasoma dark red; mandibular and
maxillary palpi pale reddish brown; mandible black from base to half of its length,
red apically; antenna black; wing subtranslucent; veins dark reddish brown; legs
black at base, tibia and tarsi dark reddish brown.
Head. Head wide; TFD 1.25 × FD; MID 0.75 × FD. Lateral ocelli closer to each
other than to compound eyes; POL 0.70 × OOL. Mandible wide, with long, sharpened
apical teeth; pubescence short, abundant on first 0.33 of length. Clypeus wide,
rounded; anterior margin somewhat truncate, punctured; LC 0.75 × WC. Antenna
short; length of fourth segment 2.50 × its width; ratio of first four antennal segments
20:7:10:12; WA3 0.70 × LA3; LA3 0.22 × UID.
Mesosoma (Fig. 2.7B). Pubescence ash-grey on entire body, more abundant on
propodeum and coxae. Pronotum elongated, width 2.0 × length, posterior margin not
angulated; pronotal collar not differentiated from disc. Postnotum striated. Posterior
margin of propodeum with abundant setae at base. Wing long; length of first radial 2
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cell 5.80 × distance from its origin to wing apex; two radial sectors; second radial
sector 2.50 × first radial sector; 2m-cu vein bent, slightly curved, meeting second
radial sector 0.30 × distance from base to apex of cell. The 2m-cu vein is interstitial or
slightly distal of 2r-m vein. Front tibia with spines absent on anterior and posterior
margins; middle and hind tibiae with sharpened, sparse spines present.
Metasoma. Metasoma covered by short, abundant setae; pubescence sparse,
short; metasoma 1.20 × as long as mesosoma.
Genitalia (Figs. 2.9D-F). Parapenial lobe split; lobes finger-like shape, broad,
short, its length 0.45 × total genitalia length; apical lobe semi-angulated, curved;
basal portion wider. Digitus narrow, rounded; length 0.71 × paramere length; setae
long, thin, abundant on external surface. Aedeagus thin, long, almost as long as
parapenial lobes, bilobed apically. Paramere length 0.71 × total genitalia length; two
short, angulated expansions on 0.33 and 0.50 of length from base; apex rounded;
setae long, thick, covering 0.33 of length apically and apex of expansions. Subgenital
plate narrow, rectangular; apex rounded; setae apically abundant, short, thin.
Material examined. Male. DOMINICAN REPUBLIC: Elias Pina, Sierra de
Neiba, 9.0 km WSW Hondo Valle, 18–41–34N, 71–46–52W,1843 m, 25.VI.2003,
disturbed montane woodland with pine, malaise trap, sample 31382, . Rawlins et al.,
CMNH–370,370; Independencia, Sierra de Bahoruco, Loma del Toro, 18–17–16N,
71–42–46W, 2310 m, 7–8.XI.2002, meadow, pine woods, yellow pan trap, sample
40169, Zanol et al., 13 ♀ CMNH–371,199/ 370,984/ 370,856/ 370,114/ 370,577/
370,012/ 369,464/ 370,089/ 370,963/ 371,963/ 371,020/ 370,800/ 370,823/ 370,411,
10 ♂ CMNH–369,807/ 369,379/ 369,818/ 371,070/ 369,942/ 370,083/ 370,792/
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369,428/ 369,468/ 370,940; 3 ♀ Independencia, Sierra de Bahoruco, Loma del Toro,
18–17–16N, 71–42–46W, 2310 m, 7–8.XI.2002, meadow in pine woods, malaise
trap, sample 40189, CMNH–369,819/ 370,167/ 370,587; 1 ♀, Independencia, Sierra
de Neiba just south of crest, 5 km NNW Angel Feliz, 1780 m, (18–41N, 71–47W),
13–15.X.1991, cloud forest, J. Rawlins et al. CMNH–370,461; Pedernales, 37 km N
Cabo Rojo, 1500 m, 18–09N, 71–35W, 23.IX.1991, grassland with pines, J. Rawlins
et al., 1 ♀ CMNH–371,162, 2 ♂ CMNH–370,112/ 370,401; 2 ♀, Independencia,
Sierra de Neiba near crest, 5.5 km NNW Angel Feliz, 18–41N, 71–47W, 1750 m, 21–
22.VII.1992, dense cloud forest, J. Rawlins et al., CMNH–370,091/ 370,485; 1 ♀, La
Altagracia, Parque del Este, Caseta Guaraguao, 4.4 km SE Bayahibe, 18–19–59N,
68–48–42W, 3 m, 26–27.V.2004, semihumid forest near sea, limestone, yellow pan
trap, sample 51164, C. Young et al., CMNH–370,259; Pedernales, La Abeja, 38 km
NNW Cabo Rojo, (18–09N, 71–38W), 1250 m, 15.VII.1987, J. Rawins, R. Davidson
(CMNH), 11.VII.1987, 1 ♂ CMNH–370,670; Pedernales, 3.3 km NE Los Arroyos,
18–15N, 71–45W, 1450 m, 16–18.VII.1990, wet montane forest, sweep samples, L.
Masner et al., CMNH–370,437; 1 ♂, Independencia, Sierra de Bahoruco, north slope,
13.3 km SE Puerto Escondido, 18–12–33N, 71–30–47W, 1812 m, 24–25.XI.2004,
Pinus rubus, Garrya, open, malaise trap, sample 41385, J. Rawlins et al., CMNH–
366,389; 1 ♂, Independencia, Sierra de Bahoruco, Loma del Toro, 5.3 km SW El
Aguacate, 18–17–16N, 71–42–46W, 2316 m, 29–30.III.2004, Pinus, Garrya montane
forest, yellow pan trap, sample 43263, CMNH–370,280; 1 ♂, Pedernales, Sierra de
Bahoruco, Aceitillar, 23.6 km NE Pedernales, 18–09–23N, 71–34–09W, 1560 m,
14.VI.2003, open pine forest with grassland, malaise trap, sample 42182, CMNH–
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370,080; 3 ♂, Independencia, Sierra de Bahoruco, north slope, 13.5 km SE Puerto
Escondido, (18–12–24N, 71–30–54W), 1807 m, 24–25.III.2004, dense broadleaf
forest , pine, yellow pan trap, sample 42262, J. E. Rawlins et al., CMNH–370,950/
370,472/ 369,921; 1 ♂, La Altagracia, Parque del Este, Caseta Guaraguao, 4.4 km SE
Bayahibe, 18–19–59N, 68–48–42W, 3 m, 26–27.V.2004, semihumid forest near sea,
limestone, malaise trap, sample 51184, C. Young et al.CMNH–369,898; 3 ♂,
Independencia, Sierra de Bahoruco, north slope, 13.5 km SE Puerto Escondido, 18–
12–18N, 71–31–08W, 1789 m, 24–26.III.2004, ecotonal Pinus grassland, yellow pan
trap, sample 41163, R. Davidson et al., CMNH–371,122/ 369,691/ 370.092; 1 ♂,
Independencia, Sierra de Bahoruco, Loma del Toro, 5.3 km SW El aguacate, 18–17–
16N, 71–42–46W, 2316 m, 29–30.III.2004, Pinus, Garrya montane forest, yellow pan
trap, sample 43263, C. Young et al., CMNH–369,989; 4 ♂, Pedernales, 26 km N
Cabo Rojo, 18–06N, 71–38W, 730 m, 19–25.VII.1990, wet deciduous forest,
intercept trap, L. Masner et al., CMNH–370,037/ 370,177/ 370,117/ 369,911; 4 ♂, La
Altagracia, Punta Cana, Ecological Foundation, Biodiversity Center, old fruit tree
grove, 18–30.847N, 68–22–.822W, 11–14.IX.2008, MT residue, SEL Hymenoptera,
HYM Course (EMUS); 5 ♂, La Altagracia, Punta Cana, 13–14.IX.2008, Sand Hill,
M[alaise]T[rap] (EMUS); Pedernales, Sierra Bahoruco, 730 m, Cabo Rojo, 26 km
W., L. Mesner (PMAE); 3 ♂, Duarte, 20 km NE San Francisco de Macoris, Loma
Quitaespuela, M[alaise]T[rap], 800 m, VI.1991 (PMAE).
Distribution. Cuba (Alayo 1976, Portuondo & Fernández 2003, Ferrer & Triana
2004), Dominican Republic, and Virgin Islands.
Host. Unknown
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Remarks. This species was originally described in the genus Planiceps Latreille
by Bradley (1944). Several morphological similarities of Drepanaporus collaris with
this species led us to place it in the genus Drepanaporus. Females of the two species
have short or vestigial setae on the eyes and share a common color pattern.
Additionally, males have almost indistinguishable genitalia, and can be separated
only using wing venation characters. Preliminary molecular data support this view
(Rodriguez, unpublished data). Males of D. antillarum are here reported and
described for the first time.

Drepanaporus collaris (Cresson, 1865)

Planiceps collaris Cresson, 1865, Proceedings of the Entomological Society of
Philadelphia, vol. 4, p. 132. [Holotype: ♀ (ANSP)].
Planiceps cubensis Cresson, 1867, Transactions of the American Entomological
Society Philadelphia, vol. 1, p. 136 [Holotype: ♂, CUBA (IZAC)].
Pompilus falco Dalla Torre, 1897, Catalogus Hymenopterorum, vol. 8, p. 288
[proposed as new name for Planiceps cubensis Cresson, 1867, nec Cresson
1865].
Pompilus troglodytes Dalla Torre, 1897, Catalogus Hymenopterorum, vol. 8, p. 328
[proposed as new name for Planiceps collaris Cresson, 1867, nec Sphex collaris
Fabricius, 1775].
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Odontaporus simulatrix Bradley, 1944, Transactions of the American Entomological
Society Philadelphia, vol. 70, p. 113 [Holotype: ♀, PUERTO RICO, Jayuya,
(USNM)], syn. nov.

Diagnosis. This species can be recognized by the following unique combination
of characters: the fore wing has two radial sectors; 2m-cu vein is not interstitial with
the 2r-m vein (Fig. 2.2C); the antennal segment four is as long as or longer than 1.50
× its width. Additionally, the female (Fig. 2.7D) is black except for the following red
areas: markings on the front of the pronotum, a band crossing the streptaulus, and a
band on the posterior margin of the pronotum and the metasoma. Also, the eyes are
glabrous or have very short vestigial setae in the female. The male (Fig. 2.7E) is black
with silvery pubescence.
Material examined. DOMINICAN REPUBLIC: 1 ♀, Pedernales, Sierra de
Baoruco, Aceitillar, 23.6 km NE Pedernales, 18–09–23N, 71–34–09W, 1569 m,
14.VI.2003, open pine forest with grassland, malaise trap, sample 42182, C. Young et
al., CMNH–369,993; 10 ♀, La Vega, Cordillera Central Loma Casabito, 15.8 km NW
Bonao, (19–02–12N, 70–31–08W), 1455 m, 28.V.2003, evergreen cloud forest, east
slope, yellow pan trap, sample 21262, CMNH–369,993/ 370,630/ 370,799/ 370,268/
370,161/ 370,994/ 370,387/ 369,505/ 367,265/ 370,310; Pedernales, Sierra de
Bahoruco, Aceitillar, 25.4 km ENE Pedernales, (18–05–27N, 71–31–08W), 1270 m,
14.VI.2003, open pine forest with grassland, yellow pan trap, sample 42162, E.
Young et al., 1 ♀ CMNH–370,397, 1 ♂ CMNH–370,980; 1 ♀, La Vega, Cordillera
Central, 4.1 km SW El Convento, 18–50–37N, 70–42–48W, 31.V.2003, dense

92

	
  

secondary evergreen forest with pine, yellow pan trap, sample 22262, CMNH–
369,529; 2 ♀, Pedernales, Sierra de Bahoruco, Aceitillar, 25.4 km ENE Pedernales,
dense broadleaf forest , pine, yellow pan trap, sample 42262, C. Young et al.,
CMNH–371,096/ 370,704; 1 ♀, Independencia, Sierra de Neiba, south slope near
summit, 4 km N Angel Feliz, 18–40–21N, 71–46–05W, 1825 m, 1–2.IV.2004,
broadleaf cloud forest without pine, yellow pan trap, sample 34263, J. Rawlins et al.,
CMNH–370,296; 1 ♀, Pedernales, Along Rio Mulito, 13 km N Pedernales, 18–09N,
71–46W, 230 m, 17.VII.1992, riparian woodland, J. Rawlins et al., CMNH–370,849;
1 ♀, Pedernales, 9.5 km N Cabo Rojo, 18–02N, 71–39W, 35 m, 13–19.VII.1990,
desert scrub, intercept trap, L. Masner et al., CMNH–369,623; La Vega, Cordillera
Central, Loma Casabito, 16 km NW Bonao, 19–02–21N, 70–31–05W, 1487 m,
28.V.2003, J. Rawlins et al., 1 ♀ CMNH–370,555 (evergreen cloud forest at summit,
canopy trap, sample 21192), 6 ♂ CMNH–370,908/ 370,272/ 370,356/ 371,474/
370,359/ 370,405; 2 ♀, 4 ♂, Pedernales, Sierra Bahoruco, 15 km W Cabo Rojo,
VIII.1990, 540 m, L. Masner (PMAE); 2 ♂, Pedernales Prov[ince], 21 km N Cabo
Rojo, 19–20.VI.1976, R.E. Woodruf and E.E. Grissell, Malaise Trap (FSCA); 2 ♀, 1
♂, La Vega, P.N. Armando Bermudez, 1000 m, 17.I.1989, L. Masner (AEIC); 4 ♂,
Duarte, 10 km NE San Francisco de Macoris, Loma Quita Espuela, M[alaise]T[rap],
800 m, VI.1991 (PMAE).
Distribution. Puerto Rico, Cuba (Snelling & Torres 2004), Bahamas, and
Dominican Republic
Host. Unknown.
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Remarks. Odontaporus simulatrix historically was separated from D. collaris by
the presence of a cleft tarsal claw (Bradley 1944). However, this character is variable
and the two types of tarsal claws are found in sympatry throughout the Dominican
Republic. We conclude that this character is not sufficient to distinguish two species
that are otherwise identical. In addition, a single male morph has been found in the
localities where females of the two claw types have been collected, which would
support the idea of a single species. Preliminary molecular analyses support the
synonymy as well. There are no records on the biology of this species. They
presumably use trap-door spiders as hosts (Snelling & Torres 2004).

Episyron Schiødte, 1837

Type species Sphex rufipes Linnaeus, 1758, by monotypy.

Remarks. Episyron is a cosmopolitan genus, with five Nearctic species. Only
one species enters South America (Wasbauer & Kimsey 1985), which is also found in
the Caribbean. This is the first record of this genus for the Dominican Republic.

Episyron conterminus cressoni (Dewitz, 1881)

Pompilus cressoni Dewitz, 1881, Berliner Entomologische Zeitschrift, vol. 25, p.
203–204 [Holotype: ♀, PUERTO RICO (ZMHB)].
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Pompilus posterus Fox, 1893, Canadian Entomologist, vol. 25, p. 115 [Holotype: ♀,
FLORIDA (ANSP)].
Pompilus exactus Cameron, 1893, Insecta. Hymenoptera (Fossores).Biologia
Centrali-Americana, vol. 2, p. 202 [Holotype: ♀, MEXICO, Yucatan (BMNH)].
Pompilus temaxensis Cameron, 1893, Biologia Centrali-Americana, vol. 2, p. 208
[Holotype: ♂, MEXICO, Yucatan (BMNH)].
Pompilus porus Fox, 1894, Proceedings of the California Academy of Sciences, vol.
3, p. 98 [Holotype: ♀, MEXICO, Baja California (CAS)].

Diagnosis. This subspecies can be recognized by the following unique
combination of characters: the integument is black; the hind femora and tibiae are
red; the propodeum bears scale-like pubescence (Figs. 2.7F-G); the postnotum is
arcuately broadened on each side of the median line, then constricted again (Fig.
2.8D); and the Cu vein is distinctly deflected downward at the base forming a
posterior pocket in the second medial cell.
Material examined. DOMINICAN REPUBLIC: La Altagracia, Parque del Este,
Caseta Guaraguao, 4.4 km SE Bayahibe, 18–19–59N, 68–48–42W, 3 m, 26–
27.V.2004, C. Young et al. 2 ♂ CMNH–370,073/ 370,084 (semihumid forest near
sea, limestone, yellow pan trap, sample 51164), 4 ♂ CMNH–370,103/ 371,049/
370,954/ 370,075, 2 ♀ CMNH–370,806/ 370,561 (semihumid forest near sea,
limestone, malaise trap, sample 51184); 1 ♀, La Altagracia, Parque del Este, 2.9 km
SW Boca de Yuma, 18–21–51N, 68–37–05W, 11 m, 28.V.2004, semihumid dry
forest, limestone, yellow pan trap, sample 52164, J. Rawlins et al., CMNH–370,770;
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1 ♂, La Altagracia, 2 km N Bayahibe, 18–23N, 68–51W, 10 m, 3.VI.1992, dry
seasonal forest on limestone, C. Young et al., CMNH–370,290; 2 ♂, Altagracia
Prov.[ince], Punta Cana, 13–14.IX.2008, Sand Hill, M[alaise] T[rap] (EMUS); 3 ♂,
Punta Cana, 6–9.IX.2008, Sand Hill, M[alaise] T[rap] (EMUS); 1 ♀, Punta Cana,
Biodiversity Center, 5–7.IX.2008, Y[ellow]P[an]T[rap], Sand Hill, SEL Hym
(EMUS); 1 ♂, Altagracia Prov[ince], Punta Cana, W of Biodiversity Center, recently
cleared forest edge, 10.IX.2008, SEL Hym Unit, M[alaise]T[rap] (EMUS); 1 ♀, 1 ♂,
Distrito Nacional, Haina, 1.X.1986, W.J. Pulawski (CAS); 2 ♂, Provincia Pedernales,
Oviedo, 5.X.1986, W.J. Pulawski (CAS).
Distribution. Costa Rica to California, Mississipi valley to Illinois and north to
Long Island, New York (Evans 1966), Cuba (Genaro & Sánchez 1989), Bahamas
(Elliot et al. 1979), and Dominican Republic.
Host. Several species of orb-weaving spiders of the family Araneidae
(Wasbauer & Powell 1962; Kurczewski & Kurczewski 1968; Kurczewski 1981).
Remarks. Females build nests in the soil. The egg is not attached to the spider
but to the wall of the cell (Evans 1950). There are numerous records of adults feeding
on honeydew, galls, flowers, and extra floral nectaries of several plant species
(Wasbauer & Kimsey 1985). This is the first record of E. conterminus cressoni for the
Dominican Republic.

Notocyphus Smith, 1855

Type species Notocyphus saevissimus Smith, 1855, designated by Smith 1873.
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Remarks. This is a diverse Neotropical genus with 32 species, four of which are
in the Caribbean; one of them is described here as new. This is the first record of the
genus for the Dominican Republic.

Key to the species of Notocyphus Smith of the Caribbean Islands

1 Legs completely black or mostly black ... 2
- Legs reddish orange; Dominican Republic ... N. anacaona Rodriguez & Pitts, sp.
nov.
2 Thorax black, with some pale spots along mid, usually one on scutellum ... 3
- Thorax brown reddish dorsally, almost black laterally and ventrally; Cuba ... N.
compressiventris (Cresson)
3 Legs completey black; Trinidad … N. alboplagiatus (Smith)
- Mid and hind femora at least partly reddish; Trinidad … N. lucasi Banks

Notocyphus anacaona Rodriguez & Pitts, sp. nov.
(Figs. 2.1A, 2.7H, 2.9G-I)

Diagnosis. This species can be recognized by the following unique combination
of characters: the integument is black with pronotum and face with whitish spots; legs
are reddish-orange; the metasomal sternum 2 does not have a distinct sharp transverse
groove; the labrum is fully excerted (Fig. 2.1A); the fore wing is darkened with 1/3 of

97

	
  

apex darker; fore wing has three radial sectors, the Cu vein is simple at the base, and
has no definite downward deflection (Fig. 2.7H). The female of this species is
unknown.
Description. Holotype, male. Body length 11.20 mm. Fore wing 9.40 mm;
maximum wing width 2.50 mm.
Coloration. Head black, with white markings along inner orbit margins; clypeus
white with black median longitudinal stripe; mandibular and maxillary palpi pale
reddish brown; mandible black from base to 0.75 of its length, pale reddish brown
apically; antenna dark reddish brown; pronotum black with white stripe on posterior
margin; mesonotum black; scutellum black with white spot in the center; postnotum
black; propodeum black; metasoma dark reddish brown with pale marking on
pygidium; wing subtranslucent; veins dark reddish brown; leg grey, somewhat
orange, tarsi dark reddish brown.
Head (Fig. 2.1A). Head as long as wide; TFD 1.0 × FD; MID 0.44 × FD. Ocelli
in nearly right triangle; lateral ocelli closer to compound eyes than to each other; POL
1.50 × OOL. Mandible narrow with wide, sharpened, apical teeth; pubescence
inconspicuous. Clypeus squared, anterior margin straight; LC 0.62 × WC; clypeal
projection absent medially. Antenna elongate; length of fourth segment 3.0 × its
width; ratio of first four antennal segments 15:3:15:13; WA3 2.50 × LA3; LA3 0.70 ×
UID.
Mesosoma (Fig. 2.7H). Pubescence sparse on entire body, short, ash-grey, more
abundant on propodeum; punctuation inconspicuous. Pronotum short, width 4.50 ×
length, posterior margin not angulated; pronotal collar conspicuous. Notauli present
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on very beginning of mesonotum. Postnotum striated. Punctures on propodeum
inconspicuous under abundant setae; propodeal disc with long setae, more abundant
on inferior corner. Wing long; length of first radial 2 cell 0.53 × distance from its
origin to wing apex; third radial sector 1.30 × longer than second; 2m-cu vein bent,
slightly curved, meeting third radial sector 0.50 × distance from base to apex of cell.
Front tibia spines absent on anterior and posterior margins; middle and hind tibiae
with few spines present, short, sharpened, sparse.
Metasoma. Metasoma covered by short, sparse pubescence; pygidium covered
with short ash-grey pubescence; metasoma 1.09 × as long as mesosoma.
Genitalia (Fig. 2.9G-I). Parapenial lobe split; lobes broad, its length 0.41 × total
genitalia length; apical lobe lanceolate; basal portion wider. Digitus wide, rounded;
length 1.10 × paramere length; both lobes about the same length, narrow, rounded;
setae very scarce, very short; ventral lobe spatulate, short, truncate. Aedeagus thin at
base, broader on apex, long, as long as digitus, bilobed apically. Paramere length 0.50
× total genitalia length; apex angulate; setae short, thin, abundant, covering all of its
length, originating inside punctures. Subgenital plate broad, narrower at base; apex
deeply bilobed; punctured, setae not present.
Variation. There is variation on color. The legs can be dark reddish brown in
some specimens.
Etymology. Named after a female Taino indigenous cacique who ruled the
island of Hispaniola in 1492.
Material examined. Holotype, ♂, DOMINICAN REPUBLIC: Hato Mayor,
Parque los Haitises, 3 km W Cueva de Arena, 19–04N, 69–29W, 20 m, 7–9.VII.1992,
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mesic lowland forest, S. Davidson, J. Rawlins, S. Thompson, C. Young, CMNH–
367,305 (CMNH). Paratypes: 2 ♂ with same data as holotype CMNH–370,588/
370,096.
Distribution. Dominican Republic.
Host. Unknown
Remarks. There are three species of Notocyphus described for the Caribbean: N.
compressiventris (Cresson), N. alboplagiatus (Smith) and N. lucasi Banks. The three
species differ from N. anacaona in the coloration of the legs. Notocyphus
alboplagiatus and N. compressiventris have completely black legs and N. lucasi has
black front femora, whereas N. anacaona has completely red legs. Furthermore, N.
alboplagiatus has a second radial sector that is half as long as the third. According to
the key published by Banks (1947), this species is possibly morphologically similar to
N. unicinctus Brèthes and N. adoletis Banks. This is speculative, however, because
this genus is large and has never been revised. Furthermore, N. anacaona does not
have any white markings, as do both N. unicinctus and N. adoletis. This is the first
record of Notocyphus for the Dominican Republic.

Poecilopompilus Howard, 1901

Type species Pompilus navus Cresson, 1867, designated by Ashmead 1902.
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Remarks. This genus is restricted to the Neotropical and Nearctic regions. Most
species are found in South America (Fernández 2000) and one species is found in the
Caribbean; the latter is here recorded for the Dominican Republic.

Poecilopompilus mixtus (Fabricius, 1794)

Sphex mixta Fabricius, 1794, Entomologia Systematica Emendata et Aucta, vol. 4, p.
457 ("Habitat in Americae Insulis Dom. v. Rohr.").
Pompilus flavopictus Smith, 1862, Journal of Entomology, vol. 1, p. 396 [Holotype:
♀, MEXICO (BMNH)], syn. nov.
Batazonus hookeri Rohwer, 1915, Proceedings of the United States National
Museum, vol. 49, p. 237–238 [Holotype: ♀, PUERTO RICO, Mayaguez
(USNM)].
Batazonus mundiformis Rohwer, 1916, Proceedings of the United States National
Museum, vol. 49, p. 238 [Holotype: ♀, JAMAICA, Bonwood Valley (USNM)].

Diagnosis. This species can be recognized by the following unique combination
of characters: the mesosoma is black with yellow markings; the metasoma is dark
brown with yellow stripes (Figs. 2.7L-M); the postnotum is arcuately broadened on
each side of the median line, then constricted again; and the Cu vein is distinctly
deflected downward at the base forming a posterior pocket in the second medial cell.
Material examined. DOMINICAN REPUBLIC: 2 ♂, Independencia, 4 km S
Los Pinos, Loma de los Vientos, 18–35N, 71–46W, 455 m, 23.VII.1992, semiarid
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deciduous forest with pastures, R. Davidson et al., CMNH–370,453/ 371,143; 3 ♂,
Hato Mayor, Parque Los Haitises, 3 km W Cueva de Arena, 13–04N, 69–29W, 20 m,
7–9.VII.1992, mesic lowland forest, R. Davidson et al., CMNH–370,509/ 369,958/
370,000; 1 ♂, La Altagracia, Parque del Este, Caseta Guaraguao, 4.4 km SE
Bayahibe, 18–19–59N, 68–48–42W, 3 m, 26–27.V.2004, semihumid forest near sea,
limestone, malaise trap, sample 51184, C. Young et al. CMNH–370,992; 1 ♀,
Distrito Nacional, Santo Domingo, Parque Paseo de los Indios, 18–26–53N, 69–56–
39W, 60 m, 1–10.X.2002, urban park near ocean, hand collected, sample 50449,
Walter. A. Zanol, CMNH–370,081; 1 ♀, La Altagracia, 9.7 km NW Punta Cana, 18–
35–11N, 68–26–22W, 36 m, 29.V.2004, disturbed dry forest, limestone, hand
collected, sample 53144, CMNH–369,967.
Distribution. Jamaica, Dominica (Evans 1972), St. Croix, St. Kitts, St. Thomas,
Puerto Rico (Wolcott 1948), Cuba (Genaro 1996), and Hispaniola.
Host. Araneid spiders have been reported as Poecilopompilus hosts (Evans
1950, 1966).
Remarks. Evans (1972) had synonymized P. hookeri under P. mixtus. Snelling
and Torres (2004) mentioned P. hookeri as a subspecies of P. flavopictus and
apparently missed the earlier paper published by Evans. Because the first synonymy
(Evans 1972) has precedence, all the synonyms of P. flavopictus hookeri are herein
synonymized to P. mixtus. Hunting females of this species dart toward the spider on
its web; the spider drops to the ground and is then safely attacked by the wasp
(Snelling & Torres 2004).
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Psorthaspis Banks, 1912

Type species Parapompilus laevifrons Cresson, 1872, by original designation
and monotypy.

Remarks. This is an exclusively New World genus, which is most diverse in
North America. Of the 29 species, six are recorded for the Caribbean region (Bradley
1944). Only one species has been recorded for the Dominican Republic.

Psorthaspis hispaniolae Bradley, 1944

Psorthaspis hispaniolae Bradley, 1944, Transactions of the American Entomological
Society, Philadelphia, vol. 70, p. 50 [Holotype: ♀ DOMINICAN REPUBLIC,
Constanza (MCZC)].

Diagnosis. This species can be recognized by the following combination of
characters: the integument is black; the tomentum is blue; the pronotum has the collar
differentiated from the disc (Figs. 2.7I-J); the clypeus is continuously round; the fore
wing has the Cu vein distinctly deflected downward at the base forming a posterior
pocket in the second medial cell.
Material examined. DOMINICAN REPUBLIC: 1 ♀, Independencia, Sierra de
Bahoruco, Loma del Toro, 18–17–16N, 71–42–46W, 2310 m, 7–8.XI.2002, meadow
in pine woods, malaise trap, sample 40189, CMNH–369,909; 1 ♂, Pedernales, 9.5 km
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N Cabo Rojo, 19–02N, 71–39W, 35 m, 13–19.VII.1990, desert scrub, intercept trap,
L. Masner et al., CMNH–371,363; 1 ♂, Elias Pina, north slope Sierra de Neiba, 2 km
SW Canada, 7 km WSW Hondo Valle, 980 m, 18–42N, 71–45W, 29.VIII.1995,
eroded fields on hillside, J. Rawlins et al., CMNH–371,407; 1 ♂, Barahona, east
Sierra Bahoruco, Reserva Cachote, 12.8 km NE Paraiso, 18–05–54N, 71–11–21W,
1230 m, 19–21.V.2004, cloud forest with tree ferns, sample 44284, C. Young et al.,
CMNH–371,286; 1 ♀, La Vega, Parque Nac.[ional] A. Bermudez, Cienaga, VII.10–
VII.2.1995, 1000 m, trop.[ical] ev[er]gr[ee]n forest, S. and J. Peck, FIT (MW); 1 ♂,
Prov.[incia] Pedernales, Sierra Bahoruco, 15 km N. Cabo Rojo, VIII.1990, 540 m, L.
Masner (PMAE); 1 ♂, Prov.[incia] Pedernales, Sierra Bahoruco, 15–19.VII.1990,
1870 m, L. Masner (PMAE).
Distribution. Hispaniola.
Host. Unknown
Remarks. Psorthaspis naomi (Smith) is probably a synonym of this species, but
no nomenclatural revision was made because the holotype was not studied.

Tachypompilus Ashmead, 1902

Type species Tachypompilus abbotti Ashmead, 1902 (Tachypompilus analis
(Fabricius, 1781)), by original designation.
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Remarks.This is a widespread but not very species-rich genus (Wasbauer &
Kimsey 1985), with 14 species in the Neotropical region (Fernández 2000). This is
the first record of this genus for the Dominican Republic.

Tachypompilus ferrugineus bicolor (Banks, 1938)

Lophopompilus bicolor Banks, 1938, Memorias de la Sociedad Cubana de Historia
Natural, v. 12, p. 248–249 [Holotype: ♀, HAITI, Desbarriere (MCZC)].

Diagnosis. This subspecies can be recognized by the following unique
combination of characters: the mesosoma is black; the metasoma and legs are red
(Fig. 2.7K); the postnotum is a narrow transverse band; the front bears a blunt
tubercle between and slightly above the antennal sockets (Fig. 2.1I); the Cu vein is
distinctly deflected downward at the base forming a posterior pocket in the second
medial cell; and the fore wing has three radial sectors.
Material examined. DOMINICAN REPUBLIC: 1 ♂, Peravia, Arroyo Canas,
650 m, 8.VIII.1980, malaise trap, CMNH–370,228; 1 ♀, Pedernales, 26 km N Cabo
Rojo, 18–06N, 71–38W, 730 m, wet deciduous forest, intercept trap, J. Rawlins, C.
Young, CMNH–370,576.
Distribution. Haiti (Evans 1966), Cuba (Genaro 1995), and Dominican
Republic.
Host. Unknown
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Remarks. Pompilus flavus and P. ferrugineus were recorded by Gundlach
(1888) from Puerto Rico. According to Snelling and Torres (2004) there are no
records of this species in the Caribbean. This is the first time the reference to the
original species description has been mentioned. This is the first record of this species
in the Dominican Republic.
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Table 2.1. List of species of spider wasp occurring in Dominican Republic.
Subfamily
Ctenocerinae

Species
Epipompilus pulcherrimus (Evans)
Ageniella bruesi (Banks)
Ageniella domingensis (Banks)
Ageniella dowii (Banks)
Ageniella ursula (Banks)
Ageniella violaceipes (Cresson)
Auplopus bellus (Cresson)
Auplopus charlesi sp. nov.
Caliadurgus maestris Alayo
Dipogon marlowei sp. nov.

Pepsinae

Entypus caeruleus (Linnaeus)
Entypus sulphureicornis Palisot de Beauvois
Entypus manni (Banks)
Entypus ochrocerus Dahlbom
Hemipepsis toussainti (Banks)
Pepsis marginata Palisot de Beauvois
Pepsis rubra (Drury)
Pepsis ruficornis (Fabricius)
Priocnemis cornica (Say)
Priocnessus vancei sp. nov.
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Drepanaporus antillarum (Bradley)
Drepanaporus collaris (Cresson)
Psorthaspis hispaniolae Bradley
Anoplius americanus ambiguus (Dahlbom)
Anoplius amethystinus amethystinus (Fabricius)
Anoplius fulgidus (Cresson)
Pompilinae
Anoplius hispaniolae Evans
Aporinellus medianus Banks
Episyron conterminus cressoni (Dewitz)
Poecilopompilus mixtus (Fabricius)
Tachypompilus ferrugineus bicolor (Banks)
Notocyphus anacaona sp. nov.
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Figure 2.1. A. Notocyphus anacaona sp. nov.: head, dorsal view, ♂. B-C. Dipogon
marlowei sp. nov.: head, ♀: B. lateral view; C. dorsal view.D. Auplopus charlesi sp.
nov.: head, dorsal view, ♀. E-F. Ageniella domingensis: head, dorsal view: E. ♀; F.
♂. G. Ageniella ursula: head, dorsal view. H. Priocnessus vancei: head, dorsal view,
♀. I. Tachypompilus ferrugineus: head, dorsal-lateral view, ♀. J. Psorthaspis
hispaniolae: head, dorsal view, ♂.

	
  

Figure 2.2. A. Pepsis marginata: hind and fore wing, dorsal view, ♀. B. Auplopus
bellus: propodeum, lateral view, ♂.C. Drepanaporus collaris: hind and fore wing,
dorsal view, ♀. D. Anoplius fulgidus: fore and hind wing, dorsal view, ♀. E.
Tachypompilus ferrugineus: fore wing, dorsal view, ♀. F. Anoplius americanus
ambiguous: fore wing, dorsal view, ♀. G. Anoplius hispaniolae: fore wing, dorsal
view, ♀. H. Drepanaporus antillarum: fore wing, ♀. I. Dipogon marlowei sp. nov.:
hind wing, ♀.
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Figure 2.3. A. Pepsis rubra: habitus, dorsal view, ♂; B-C. Pepsis ruficornis: habitus,
dorsal view: B. ♂; C. ♀. D. Pepsis rubra: habitus, dorsal view, ♀. E. Pepsis
marginata: habitus, dorsal view, ♀.
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Figure 2.4. A-B. Epipompilus pulcherrimus: habitus, lateral view: A. ♀; B. ♂. C-D.
Ageniella bruesi: habitus, lateral view: C. ♂; D. ♀. E-F. Ageniella domingensis:
habitus, lateral view: E. ♀; F. ♂. G-H. Ageniella dowii: habitus, lateral view: G. ♀. H.
♂. I. Ageniella violaceipes: habitus, lateral view, ♀. J. Ageniella ursula: habitus,
lateral view, ♀.
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Figure 2.5. A-B. Auplopus bellus: habitus, lateral view: A. ♂; B. ♀. C-D. Auplopus
charlesi sp. nov.: habitus, ♀: C. dorsal view; D. lateral view. E-F. Entypus
ochrocerus: habitus, lateral view: E. ♂; F. ♀. G. Dipogon marlowei sp. nov.: habitus,
lateral view, ♀. H-I. Priocnemis cornica: habitus, lateral view: H. ♂; I. ♀. J.
Caliadurgus maestris: habitus, lateral view, ♀. K-L. Priocnessus vancei sp. nov.:
habitus, ♀: K. lateral view; L. dorsal view.
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Figure 2.6. A. Anoplius americanus ambiguous: habitus, lateral view: A. ♀; B. ♂. CD. Anoplius fulgidus: habitus, lateral view: C. ♀; D. ♂. E-F. Anoplius amethystinus
amethystinus: habitus, lateral view: E. ♂; F. ♀. G-H. Anoplius hispaniolae: habitus,
lateral view: G. ♀; H. ♂.
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Figure 2.7. A. Aporinellus medianus: habitus, lateral view, ♀. B-C. Drepanaporus
antillarum: habitus, lateral view: B. ♂; C. ♀. D-E. Drepanaporus collaris: habitus,
lateral view: D. ♀; E. ♂. F-G. Episyron conterminous cressoni: habitus, lateral view:
F. ♀; G. ♂. H. Notocyphus anacaona sp. nov.: habitus, lateral view, ♂. I-J.
Psorthaspis hispaniolae: habitus, lateral view: I. ♀; J. ♂. K. Tachypompilus
ferrugineus bicolor: habitus, lateral view, ♀. L-M. Poecilopompilus mixtus: habitus,
lateral view: L. ♂; M. ♀.
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Figure 2.8. A. Psorthaspis hispaniolae: head and front femora, front-lateral view, ♀.
B. Anoplius fulgidus: head and anterior mesosoma, lateral view, ♀. C. Drepanaporus
collaris: front femora, lateral view, ♀. D-E. Epysiron conterminous cressoni: ♀: D.
postnotum, dorsal view; E. propodeum, lateral view. F. Aporinellus medianus:
propodeum, lateral view, ♀. G-H. Anoplius fulgidus: lateral view, ♀: G. postnotum;
H. front basitarsus. I-J. Anoplius amethystinus amethystinus: lateral view: I. front
basitarsus, ♀. J. metasoma, ♂. K. Anoplius fulgidus: metasoma, lateral view, ♂.

	
  

Figure 2.9. A-C. Ageniella domingensis: ♂: A. genital plate; B. genitalia, ventral
view; C. genitalia, dorsal view. D-F. Drepanaporus antillarum: ♂: D. genital plate;
E.genitalia, ventral view; F. genitalia, dorsal view. G-I. Notocyphus anacaona: ♂: J.
genital plate; K. genitalia, dorsal view; L. genitalia, ventral view.
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CHAPTER 3
MOLECULAR PHYLOGENY AND SYSTEMATICS OF SPIDER WASPS
(HYMENOPTERA: POMPILIDAE): REDEFINING SUBFAMILY BOUNDARIES
AND THE ORIGIN OF THE FAMILY2
Abstract
Spider wasps (Hymenoptera: Pompilidae) constitute a monophyletic family
supported by numerous morphological and behavioral traits. The subfamilial and
tribal classifications, however, have a history of conflicting and confusing
designations and nomenclature. Here, we reconstruct a molecular phylogeny of
Pompilidae from Bayesian and maximum-likelihood analyses of four nuclear
molecular markers (elongation factor–1 α F2 copy, long–wavelength rhodopsin, RNA
polymerase II, and 28S ribosomal RNA). New relationships are recovered, and new
subfamilial delimitations are proposed and discussed based on the phylogeny.
Divergence-time estimation of Pompilidae lineages was also performed using four
calibration points. The crown group of Pompilidae dates to a median age of 43.3 Ma,
while most of the extant subfamilies originated during the late Eocene through
Oligocene. This is the first phylogenetic reconstruction of Pompilidae from molecular
characters, with broad geographic and taxonomic sampling. The following
subfamilies and relationships are recognized: Ctenocerinae + (Ceropalinae +
Notocyphinae) + Pompilinae + Pepsinae. We revalidate Notocyphinae, which

2

This manuscript is formatted and submitted to Zoologica Scripta. The authors of the journal
paper are: Cecilia Waichert, Juanita Rodriguez, Marius S. Wasbauer, Carol D. von Dohlen,
and James P. Pitts.
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contains only Notocyphus, and define a new tribe in Pompilinae: Sericopompilini.
Priochilini is reinstated. Sericopompilini contains Sericopompilus as the sole
representative; Priochilini contains Priochilus and Balboana. Epipompilus and
Chirodamus are now classified as Pepsinae.

Introduction
Spider wasps (Hymenoptera: Pompilidae) are solitary, predatory insects that
provision their offspring with spiders as the sole food source. The family contains
approximately 4,855 described species grouped into 125 genera (Aguiar et al. 2013)
and four subfamilies (Pitts et al. 2006). Although the family has a cosmopolitan
distribution, species diversity is highest in tropical regions (Wasbauer 1995).
Spider wasps exhibit a wide array of nesting and foraging behavior. Females
hunt spiders in short flights or while crawling along trails. They usually nest in
burrows prepared by scraping soil backward with their forelegs (Evans & Shimizu
1996; Kurczewski 2010; Kurczewski & Edwards 2012), but some species use spider
burrows (Williams 1928), pre-existing cavities (Kurczewski 1981), or construct aerial
nests from mud (Evans & Shimizu 1996; Barthélémy & Pitts 2012). Prey-carrying
mechanisms also vary considerably throughout the family; these include pulling,
pushing, carrying, or flying with the spider to the nest (Evans & Yoshimoto 1962).
Pompilidae are unquestionably a monophyletic family (Shimizu 1994;
Fernández 2006; Pitts et al. 2006; Pilgrim et al. 2008; Debevec et al. 2012),
distinguished by the morphological character of a straight transverse carina on the
mesopleuron, dividing it into upper and lower regions (Townes 1957), and by the
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behavioral character of provisioning nest cells exclusively with a single spider.
Divergence time estimation (Wilson et al. 2013) and the fossil record (Rodriguez et
al. submitted) suggest that Pompilidae is as old as 55 Ma and diversified in the early
Paleogene.
Phylogenetic position of Pompilidae within Aculeata
Historically, there has been disagreement regarding the relationship of
Pompilidae to other families of aculeate (stinging) Hymenoptera (reviewed in
Brothers 1999; Pilgrim et al. 2008). Pompilidae has been proposed as the sister group
to 1) Rhopalosomatidae (Brothers 1975, 1999); 2) Sapygidae + Mutillidae (Brothers
& Carpenter 1993); of 3) Mutillidae + (Sapygidae + Myrmosinae) (Pilgrim et al.
2008); 4) Mutillidae (excluding Myrmosinae) (Debevec et al. 2012); and 5)
Chrysididae (Heraty et al. 2011). More recently, a phylogenomics study recovered
Pompilidae as sister to Mutillidae in a clade composed of (Pompilidae + Mutillidae) +
a paraphyletic Bradynobaenidae (Johnson et al. 2013). However, this study did not
include representatives of Myrmosinae or Sapygidae. The superfamily Pompiloidea
was proposed by Pilgrim et al. (2008) to include the families Pompilidae, Mutillidae,
Sapygidae, and Myrmosidae.
Phylogenetic relationships in Pompilidae
The internal classification of Pompilidae has remained unsettled (see Fig. 1 in
Pitts et al. 2006). The family and its component subfamilies and tribes have had
different names throughout their taxonomic history. Süstera (1912) was the first to
group Pompilidae into subfamilies, dividing the family into three: Pepsinae,
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Ceratopalinae (=Ceropalinae) and Psammocharinae (=Pompilinae). After Süstera
(1912), as many as eight authors have proposed conflicting subfamilial and tribal
classifications (e.g., Haupt 1927, 1930; Arnold, 1932a,b, 1934, 1935, 1936a,b, 1937;
Banks 1912, 1934; Bradley 1944; Priesner 1955, Townes 1957; Shimizu 1994; Pitts
et al. 2006). Townes’ (1957) scheme has been the classification used most often. He
suggested three subfamilies: Pepsinae, Pompilinae and Ceropalinae, with Ceropalinae
composed of three tribes: Notocyphini, Minageniini and Ceropalini. This last tribe
was elevated to subfamily status based on cladistic analyses in subsequent studies
(Shimizu 1994; Pitts et al. 2006). More recently, subfamilial boundaries in
Pompilidae were proposed based on maximum-parsimony analyses of morphology.
Shimizu (1994) proposed six subfamilies: Ceropalinae + (Notocyphinae + (Pepsinae
+ Pompilinae + Ctenocerinae + Epipompilinae)), and Pitts et al. (2006) proposed four
subfamilies: Ceropalinae + (Pepsinae + (Ctenocerinae + Pompilinae)).
Tribal classification of Pompilidae has been similarly contentious, with no
consensus reached as yet. Some tribes have had as many as seven different names in
the past, and the monophyly of most tribes has never been tested. For example,
Bradley (1944) divided Pompilinae into seven tribes: Aporini, Ctenocerini,
Epipompilini, Pompilini, Pedinaspini, Allocharini, and Allocyphononychini.
Allocharini and Allocyphononychini were transferred to Pompilini by Evans (1951).
Ctenocerini included taxa currently classified as both Aporini and Ctenocerinae,
while Epipompilini was elevated to subfamily level by Shimizu (1994) and
transferred to Ctenocerinae by Pitts et al. (2006). Similar problems abound in other
subfamilies, and the taxonomic confusion extends to the generic level. Fernández
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(2006) suggested that several genera in Pompilidae are probably not natural groups
and are in need of taxonomic revisions.
The majority of problems and disagreements in Pompilidae classification
likely stem from the homogeneous morphology of many spider wasp species. In
addition, authors working in different zoogeographical regions have used different
upper-level classifications. This discordance between authors at tribal and generic
levels has generated a plethora of names, causing further confusion. Some higher
classifications of Pompilidae were proposed based on characters that are either not
useful (Arnold 1932a), or are probably homoplasious, which has contributed to
unstable taxa. Informative, homologous characters in pompilids are usually subtle and
often less conspicuous than the convergent features developed in different clades
(Shimizu 1994).
To address the lack of consensus in higher-level Pompilidae classification
from morphology, we conducted a molecular phylogenetic study. This work is based
on a comprehensive sampling of genera and geographic areas, and four nuclear
molecular markers. Our aim was to determine the phylogenetic relationships of major
lineages within Pompilidae, estimate the ages of these lineages, and test the validity
of prior subfamily classifications. In addition, we briefly discuss the generic
classification of Pompilidae and point to areas needing further studies.
Methods
Taxon sampling
We sampled 150 specimens representing 74 Pompilidae genera (Table 3.1).
Specimens were selected from a variety of genera, in an effort to cover the breadth of
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morphological and geographical variation in the family. Based on the subfamilies
defined by Pitts et al. (2006), we sampled six genera of the previously defined
Ctenocerinae, including Epipompilus Kohl that was tentatively placed in this
subfamily; the two representatives of Ceropalinae; 38 genera of Pompilinae,
including questionable pompiline taxa as Chirodamus Haliday, Notocyphus Smith,
and Balboana Banks; and 28 genera of Pepsinae. Samples were obtained on loan
from various entomological collections (Table 3.1) and field collecting trips.
Vouchers are deposited as indicated in Table 3.1.
Outgroup taxa were chosen based on previous studies indicating (Sapygidae +
Mutillidae) (Brothers & Carpenter 1993; Pilgrim et al. 2008) and (Pompilidae +
Mutillidae) + a paraphyletic Bradynobaenidae (Johnson et al. 2013) as sister taxa of
Pompilidae. Taxa selected were: Dasymutilla chiron (Blake), Ephuta grisea Bradley
and Timulla divergens Mickel (Mutillidae); Chyphotes mellipes (Blake) and
Typhoctoides aphelonyx Brothers (Chyphotidae); and Sapyga centrata Say and
Sapyga pumila Cresson (Sapygidae).
DNA extraction, PCR amplification and sequencing
DNA was extracted from the entire individual after puncturing the top of the
mesosoma (small-medium specimens), or from 2-3 legs (large individuals).
Extractions were performed with the Roche High Pure PCR Template Purification Kit
(Roche Diagnostics Corp., Indianapolis, IN) following the manufacturer’s protocol.
The nuclear genes elongation factor–1 α F2 copy (EF), long–wavelength
rhodopsin (LWRh), RNA polymerase II (Pol2) and the D2–D3 regions of the 28S
ribosomal RNA (28S) were amplified with the polymerase chain reaction (PCR) and
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sequenced from each individual following the protocol described in Pilgrim & Pitts
(2006). Double-stranded ampliﬁcations were performed with 20 µL reaction volume
containing genomic DNA (10 ng), 1.5 mm MgCl2, 0.2 mM of each dNTP, 1 µM
primer of each primer, 2 units of Qiagen taq (Qiagen, Valencia, CA), and buffer
supplied by the manufacturer. In some reactions, GoTaq (Promega, Madison, WI)
was used in the following amounts: 6 µl of ddH2O, 10 µl of GoTaq Green Master
Mix, and 1 mM of each primer. The optimal cycling parameters varied for each
primer pair used.
Molecular markers were chosen based on phylogenetic investigations in other
Hymenoptera families (e.g. Pilgrim et al. 2008; Danforth et al. 2006). Primers from
previous studies and modified primers were used (Table 3.2). All PCR products were
sequenced with forward and reverse primers and were assembled into complete
contigs using Sequencher 4.1 (Gene Codes Corp., Ann Arbor, MI).
Phylogenetic analyses
Sequences were aligned using Geneious Alignment (Geneious 6.1) followed
by manual refinement. Introns of LWRh and EF markers were removed from the
alignment. The model of molecular evolution was determined for each gene by codon
position using Partition Finder 1.01 (Lanfear et al. 2012). Single-gene phylogenies
were estimated in a Bayesian framework implemented in MrBayes 3.2 (Ronquist et
al. 2012) to check for topological incongruences. Single-gene matrices were then
concatenated in a using Geneious 6.1 to produce a combined-gene matrix. The model
of molecular evolution was determined for the combined data by gene and codon
position using Partition Finder 1.01 (Lanfear et al. 2012), and then analyzed in
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MrBayes 3.2 (see partitions and models in Table 3.3). Bayesian analyses included
four independent runs with three heated chains and one cold chain in each run. The
MCMC chains were set for 100,000,000 generations and sampled every 10,000
generations. Trace plots and effective sample size (ESS) were examined in Tracer
v1.5 to determine MCMC mixing and convergence. Trees from the first 25% of the
samples were removed as burn-in. A consensus of the post-burnin trees was
visualized in FigTree v1.3.1.
Maximum-likelihood analysis (ML) was performed using RAxML, under the
GTRCAT model carried out at the CIPRES website (Stamatakis 2006; Stamatakis et
al. 2008). For this analysis, the combined alignment was partitioned by gene. Rapidbootstrap heuristic searches were calculated to estimate support levels, from 100
replicates.
Divergence time estimation
A chronogram was inferred in a Bayesian framework using BEAST 1.7.5
(Drummond et al. 2012) under an uncorrelated lognormal relaxed-clock model
(Drummond et al. 2006; Drummond & Rambaut 2007). Best-fit substitution models
were unlinked among partitions with the underlying clock and trees linked. Four
calibration points were used for the analysis. Three were obtained from reliable fossil
data of Pompilidae species (Rodriguez et al. submitted), and one from the age of the
crown group of Pompilidae as inferred by a dating analysis of all stinging wasps
(Wilson et al. 2013). The common ancestor of Anoplius Dufour + Dicranoplius
Haupt was given a lognormal prior of 25 Ma (mean in real space) (LogSD=0.5) based
on the fossil of Anoplius sp. n. (Rodriguez et al. submitted) from Dominican amber,
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which belongs to the stem group of Anoplius. The common ancestor of Cryptocheilus
Panzer + (Entypus Dahlbom + Leptodialepis Haupt), as well as the common ancestor
of Agenioideus Ashmead+ (Homonotus Dahlbom + Ferreola Lepeletier), were given
a lognormal prior, with mean in real space, of 33 Ma (LogSD=0.5) based on the
fossils of Cryptocheilus hypogaeus Cockerell and Agenioideus saxigenus (Cockerell)
found in the Colorado Florissant beds (Cockerell 1908, 1914). The crown group node
of Pompilidae was assigned a normal prior of (mean) 43 Ma (SD=10), based on the
data published by Wilson et al. (2013). Two separate Markov Chain Monte Carlo
(MCMC) searches were performed for 100,000,000 generations. Effective sample
sizes (ESS), mixing, and graphical chain convergence were examined in Tracer 1.5.
Independent runs were combined with LogCombiner 1.7.5. Twenty-five percent of
samples was discarded as burn–in.
Results
Phylogenetic analyses
The concatenated sequence alignment of four molecular markers included
2,931 bp after trimming. GenBank accession numbers for all markers are indicated in
Table 3.1. Bayesian and ML analyses produced congruent topologies, displaying only
minor differences in resolution and topology (Supporting Information). Both
approaches recovered Pompilidae as a well-supported monophyletic group (Posterior
Probability (PP)=1.0; Bootstrap (BS)=100%). However, none of the approaches was
able to support relationships among the deeper lineages; these lineages mostly
represent the most commonly recognized subfamilies, but with some differences. The
BEAST analysis increased PPs of nodes overall and found support for monophyly of
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several major clades. Such “relaxed” phylogenetic approaches typically produce more
accurate and precise topologies than do un-rooted and strict-clock methods
(Drummond et al. 2006; Pybus 2006). Thus, we use the topology resulting from the
relaxed-clock analysis (Fig. 3.1) as our most accurate estimate of Pompilidae
phylogeny in the discussion below.
We recovered four, large, well-supported clades (A, B, C, and D; Fig. 3.1).
Within these four major clades, two contained additional lineages that are supported
by morphology, behavioral characteristics, and/or by phylogenetic support measures
(E, F, G, H, and I; Fig. 3.1), as presented below.
The basal split in Pompilidae is formed by the African species of
Ctenocerinae, clade A (sensu Arnold 1932b) versus all remaining taxa. African
Ctenocerinae, here represented by Trichosalius (Arnold), Ctenocerus Dahlbom,
Paraclavelia Haupt, and Pseudopedinaspis Brauns, were well supported as
monophyletic (PP=0.99); however, their position as sister group to remaining
Pompilidae was weak (PP=0.72). The Neotropical and Australian Ctenocerinae
genera (Lepidocnemis Haupt and Maurillus Smith, respectively) were nested among
Pepsinae genera.
The second major split is between clade B and the remaining pompilids. Clade
B is composed of Notocyphus Smith, Ceropales Latreille, and Irenangelus Schulz.
This clade is further divided into two well-supported lineages: E (Notocyphus)
(PP=1.0) and F (Irenangelus + Ceropales) (PP=0.93).
The remaining pompilids are split into two large, well-supported lineages,
clades C and D. Clade C (PP=1.0) comprises species of Pompilinae, as defined by
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Pitts et al. (2006), but excluding Chirodamus Holiday. We recognize three major
lineages within clade C: clades G, H, and I. The sister relationship of clade G and H is
poorly supported (PP=0.51); clade G is monotypic and includes only Sericopompilus,
whereas clade H is formed by (Balboana + Priochilus) (PP=0.82). Clade I (PP=1.0)
includes most of the Pompilinae sensu stricto taxa.
Clade D (PP=0.93) includes most of the Pepsinae (sensu stricto) genera and
some taxa traditionally treated separately (e.g. Epipompilus Kohl, Chirodamus
Haliday, Lepidocnemis). The internal relationships in this group are somewhat
uncertain, with only few genera recovered as monophyletic with high support (e.g.
Psoropempula Evans, Pepsis Fabricius). Some larger genera were monophyletic with
less-than-significant support, such as Epipompilus Kohl (PP = 0.88), or rendered
paraphyletic by the inclusion of only one or two other taxa, such as Auplopus Spinola
and Ageniella Banks. One large clade within clade D was recovered with high
support: clade J. Within this lineage we further recognize two well-supported clades:
K, containing Priocnessus Banks + (Cryptocheilus Panzer + (Entypus Dahlbom+
(Diplonyx Saussure + (Hemipepsis + (Leptodialepis Haupt + Dinosalius Banks))))
(PP=1.0), and L, containing Cyphononyx Dahlbom + Ageniellini genera (PP=1.0).
Divergence-time estimation
The estimated age of crown group Pompilidae was recovered as 43.3 Ma
(95% highest posterior probability density [HPD]=112.2–27.1), i.e. in the mid
Paleogene – Eocene (Fig. 1). The internal age estimates indicate that extant species of
the most diverse groups, e.g. Pepsinae and Pompilinae, began to diverge during the
late Eocene, about 38.6 Ma (HPD=65.1–19.4). The diversification of extant
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Ctenocerinae (clade A) began around 29.8 Ma (HPD=53.3–12.2), similar to
Ceropalinae (31.0 Ma, HPD=54.8–14.7), (Sericopompilus + Balboana + Priochilus)
(31.3 Ma, HPD=52.7–15.3), and Pompilinae sensu stricto (28. 8 Ma, HPD=52.7–
15.3). Crown-group Notocyphus emerged more recently (25.5 Ma, HPD=45.4–11.3),
whereas crown-group Pepsinae emerged earlier (34.7 Ma, HPD=58.3–17.0), as
compared to other major clades.
Discussion
The diverse family Pompilidae is a well-supported monophyletic group of
aculeate wasps. With the application of molecular data to the problem of Pompilidae
phylogenetics, many internal lineages are well supported as monophyletic, yet certain
relationships remain somewhat ambiguous. However, morphological and behavioral
characteristics, coupled with phylogenetic signal, justify the taxonomic decisions we
present here concerning subfamily delimitations and nomenclatural changes. We
recognize the following subfamilies and their relationships: Ctenocerinae +
((Ceropalinae + Notocyphinae) + Pompilinae + Pepsinae) (Fig. 3.2; Table 3.4). Our
delimitations differ from previous phylogenetic studies in number, structure, and
relationship of subfamilies. Shimizu (1994) proposed six subfamilies: Ceropalinae +
(Notocyphinae + (Pepsinae + Pompilinae + Ctenocerinae + Epipompilinae)); whereas
Pitts et al. (2006) proposed four subfamilies: Ceropalinae + (Pepsinae +
(Ctenocerinae + Pompilinae)). We propose five subfamilies, with Ctenocerinae as the
sister group to all other pompilid taxa. This is a major departure from the previous
schemes derived from morphology, which proposed Ceropalinae as the sister group to
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all other pompilid wasps (Shimizu 1994; Pitts et al. 2006). In agreement with
Shimizu (1994), however, our analyses favor reinstatement of Notocyphinae.
The position of Ctenocerinae as emerging from the basal node of
Pompilidae—rather than Ceropalinae as in previous schemes—has implications for
the evolution of spider wasp nesting behavior. It has been suggested that nesting
behavior in Pompilidae has evolved in a step-wise fashion of increasing complexity.
The secondary loss of some of the steps, such as transporting the host and building a
nest, has been proposed to descend from some of the most complex nesting sequences
(Evans 1953). Similarly, cleptoparasitism has been suggested as a case of secondary
loss from an ancestral, more complex state (Evans 1953). Previous phylogenetic
schemes reconstructing cleptoparasitic Ceropalinae at the base of Pompilidae
(Shimizu 1994; Pitts et al. 2006) might imply that cleptoparasitism was an ancient
strategy not descended from complex behavior, and possibly represents the ancestral
behavior of the family. In contrast, our results suggest that cleptoparasitism is likely
not ancestral, as discussed below.
The biology of most ctenocerine species remains unknown, but morphological
characteristics suggest that they are parasitoids of trap-door spiders (Waichert & Pitts
2011). In addition, a female Ctenocerinae has been collected from the nest of a trapdoor spider (Arnold 1932a), and Ctenocerinae specimens have been reared from trapdoor spiders in the laboratory (Evans 1972). Furthermore, ctenocerines have
converged on morphology similar to Aporini (Pompilinae), a group known to
parasitize trap-door spiders. Aporini spider wasps have been observed using the
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spider burrow as a nest (Jenks 1938), thus reducing the nesting sequence by
eliminating carrying and nest building steps.
Our reconstruction of the basal Pompilidae node is consistent with the idea
that ancestral pompilids used a generalist strategy involving attacking and paralyzing
spiders in their own nest. Cleptoparasitism—such as observed in Ceropalinae—as an
ancestral strategy is logically inconsistent, as (a) it is a highly specialized behavior,
and (b) it requires the prior existence of pompilid lineages with more complex
behavior from which to steal prey (e.g., other females that leave prey unattended
while digging nests). A generalist ancestral strategy of attacking spiders in their own
nest could conceivably evolve from the unspecialized wasp behavior of capturing any
arthropod prey. We do not necessarily suggest that the earliest pompilid ancestors
were trap-door spider specialists. It is more logical to propose that ctenocerine trapdoor spider specialists concentrated on trap-door spiders after their evolutionary
origin, and their specialized morphology followed.
Subfamilial divergence times
The inferred age of the crown group of Pompilidae is consistent with the date
proposed by Wilson et al. (2013) of ~47 Ma. Our findings support the origin of spider
wasps in the mid-Paleogene. Wilson et al. (2013) suggested that the increased
diversity of spider families at the beginning of the Paleogene (Penney 2004) might
have driven the diversification of Pompilidae. Our results, however, show that most
of the subfamilies diverged around 25–35 Ma in the late Paleogene. These results are
puzzling, however, given that the cooling temperatures at the Eocene-Oligocene
boundary were thought to have affected biodiversity negatively (Katz et al. 2008;
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Zhonghui et al. 2009). Neotropical floras, for example, show a decrease in diversity
at this time (Jaramillo et al. 2006). Nevertheless, abiotic factors, such as high
volcanic and tectonic activity in Southeast Asia, could have provided refugia for
certain taxa, which may have triggered diversification in some groups (Buerki et al.
2013). It is possible that local climatic and geological changes such as these might
have affected pompilid diversification.
Pompilinae, the most diverse subfamily, originated around 34 Ma. The
diversification of most of the clades apparently occurred between 13–29 Ma during
the late Oligocene to early Miocene. Pepsinae has a similar range of diversification
dates, but origins of more genera in this subfamily appear to have occurred earlier in
the history of the subfamily.
Ctenocerinae
This subfamily was first proposed by Haupt (1929), as Claveliinae, to separate
its members from Pepsinae; it includes two genera in the Neotropics, four in Australia
and 11 in Africa. The name was changed to Ctenocerinae (Shimizu 1994), but the
composition of this subfamily remained mostly stable, except for a suggestion to
include Apinaspis Banks and Epipompilus (Pitts et al. 2006). Epipompilus is
discussed below (see Pepsinae section), whereas Apinaspis is an Oriental monotypic
genus (Banks 1938) and has characters similar to the Australian genera described by
Evans (1972). We support the classification of Apinaspis in Pepsinae, as proposed by
Shimizu (1994) and Banks (1938), until further analyses suggest otherwise. Although
these African, Neotropical and Oriental/Australian taxa share several morphological
characteristics – a large antennal scrobe, a transverse groove on the second sternite

144

	
  

that is usually prolonged to vertex, and a hind tibia with short spines directed straight
backwards – these may be adaptations for preying on trap-door spiders (Evans 1972).
Given our results, these traits were probably independently acquired. More
information on behavior is needed, as the natural history of these taxa remains poorly
understood.
Our analyses did not recover the monophyly of Ctenocerinae. The Neotropical
Lepidocnemis and the Australian Maurillus are nested within different nonctenocerine lineages with high support. The morphological similarities of these and
the African ctenocerine genera must now be interpreted as convergent traits. Four
Australian taxa assigned to Ctenocerinae by Evans (1972) (Cteniziphontes Evans,
Apoclavelia Evans, Maurillus, Austroclavelia Evans) and the three genera discussed
by Waichert & Pitts (2011) (Abernessia Arlé, Lepidocnemis, Hypoferreola Ashmead)
are herein transferred to Pepsinae on the basis of the molecular phylogeny and of
morphology.
The monophyly of African Ctenocerinae (clade A) was recovered in all
analyses. While support for this clade was low in the unconstrained analyses, it was
high in the clock-constrained analysis. We redefine Ctenocerinae as the lineage
represented by clade A, as it includes the nominal genus, Ctenocerus. The 11 Afrotropical genera recognized by Arnold (1932b), with distribution extending into Java
and India, should retain their classification as Ctenocerinae until further analyses are
performed. Males of all 11 Ctenocerinae genera designated by Arnold (1932b) are
distinguished from Pepsinae by having flagellum uni- or biramous, or crenulate
antennae. These characters are not observed in Pepsinae. The subfamily is now
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recognized by 1) the metasomal sternum 2 with a distinct sharp transverse groove; 2)
the mesofemur and the metafemur without subapical spine-like setae set in grooves or
pits; 3) the metatibia without scale-like spines or serrate carina and with short,
subequal spines directed straight backwards; and 4) the fore wing with vein Cu1
simple at base, without any definite downward deflection; 5) the clypeus plate-like in
shape; and 6) males with crenulate antennae. As far as we know, ctenocerine spider
wasps prey on trap-door spiders.
Ceropalinae
Ceropalinae was first erected by Haupt (1929) to comprise only two genera,
Ceropales and Irenangelus. Townes (1957) later included several genera that have
been transferred since to Pepsinae and Notocyphinae. Our analyses are congruent
with those of Shimizu (1994) and Pitts et al. (2006) in recovering Ceropalinae as
monophyletic (clade F), and we confirm that Ceropales and Irenangelus are the sole
representatives of Ceropalinae. Although this lineage was poorly supported in the
unconstrained analyses, support in the relaxed-clock analysis was high. The position
of this group in the family, however, diverges from results of previous authors.
Shimizu (1994) and Pitts et al. (2006) recovered Ceropalinae as the sister group to all
other Pompilidae. In our study, Ceropalinae is strongly supported as the sister group
to Notocyphinae. Shimizu (1994) and Pitts et al. (2006) defined the subfamily by a
set of non-unique homoplasious characters, including a reniform compound eye, the
inner margin of eye converging below, and females with a straight stinger. However,
Ceropalinae shares a large and exposed labrum and a compressed subgenital plate
with its sister group, Notocyphinae. The exposed labrum is present in other spider
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wasp genera (e.g. Paracyphononyx Gribodo and Pepsis), but the extended labrum
observed in Ceropalinae and Notocyphinae distinguishes them from other genera by
being large and almost as long as the clypeus, which gives the clypeus+labrum a
diamond shape. Ceropalines are distinguished by their mode of cleptoparasitism
specialized on other pompilid species.
Notocyphinae
Notocyphus, the sole representative of Notocyphinae, was elevated to
subfamily status by Haupt (1929), Banks (1934), and Shimizu (1994). The
morphological analyses conducted by Pitts et al. (2006) did not support this
subfamily. Townes (1957) moved Notocyphus, along with Minotocyphus Banks, into
the tribe Notocyphini, belonging to Ceropalinae. Pitts et al. (2006) considered
Notocyphus (and so Notocyphinae) to be a member of Pompilinae. Our molecular
analyses recover Notocyphus (and therefore Notocyphinae; clade E) as monophyletic
with high support, and sister to Ceropalinae. Morphological and behavioral characters
confirm the status of Notocyphus as a subfamily. Distinguishing morphology of
Notocyphinae includes the sting curved downward, the claws bifid in both sexes and
the eyes subparallel along the internal margin. Behaviorally, Notocyphus are
parasitoid wasps, paralyzing their prey temporarily without constructing a nest. In
contrast, all Ceropalinae are cleptoparasitic on other pompilid species. For these
reasons we abstain from merging these two subfamilies. Instead, Notocyphinae is
revalidated and Ceropalinae is maintained.
Notocyphinae is monotypic and defined by the characters discussed above.
The other genus included in Notocyphini by Townes (1957), Minotocyphus, is a small
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Oriental group with morphological resemblance to Notocyphus (Townes 1957; Wahis
1981). Wahis (1981) discussed several characteristics that separate Minotocyphus
from Notocyphus, such as having the fore wing with the vein Cul deflected downward
at the base and the second sternite with a sulcus with the end curved towards the apex
of metasoma. Minotocyphus is currently placed in Pompilinae (Wahis 1981); we were
not able to obtain suitable samples for this study.
Pompilinae
Pompilinae has been historically the most diverse group in Pompilidae.
Although several diagnostic characters apparently define this group, its classification
and taxonomic composition have been a continuing topic of discussion for
systematists. Notocyphus and Chirodamus were previously included in Pompilinae
(Pitts et al. 2006). Epipompilus was previously classified as Pompilinae (Harris
1987), until it was elevated to Epipompilinae (Shimizu 1994), and then transferred to
Ctenocerinae (Pitts et al. 2006). Cordyloscelis Arnold was also considered a member
of Pompilinae (Arnold 1935).
Sericopompilus Howard + Priochilus Fabricius + Balboana form an earlybranching lineage (clades G and H) within the pompilines sensu lato. Although the
placement of this lineage with respect to clade I (remaining Pompilinae) was
uncertain, clade I is a well-supported, separate lineage (Fig. 3.1). The taxa of clades G
and H have unique morphology and behavior among the Pompilinae, which would
justify elevating both clades to subfamily level. However, we abstain from defining
these as different subfamilies until further data are available; instead, we propose the
tribes Sericopompilini and Priochilini. It is possible that future studies will provide
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the necessary support to consider these taxa as subfamilies with unique evolutionary
histories.
Our analyses recovered a lineage (clade I) composed of most of the genera
traditionally placed in Pompilinae. The large pompiline lineage excluded several
contentious genera, namely, Cordyloscelis, Chirodamus, Notocyphus and
Epipompilus. Our analyses placed Chirodamus and Cordyloscelis in Pepsinae.
Several clades within the large pompiline lineage received high support and could be
good candidates for tribal revisions.
Pompilinae are herein characterized by: 1) the metatibia with apical spine-like
setae long, of irregular lengths and spacing, the setae distinctly splayed (except in
species of Balboana and some species of Priochilus); 2) the fore wing with vein Cul
usually distinctly deflected downward at base (second discal cell (2D) with a
posterior "pocket") (except in species of Balboana and Priochilus); 3) the mesofemur
and metafemur usually with 1 or more distinct subapical dorsal spine-like setae set in
grooves or pits, but rarely without such setae; and 4) the tarsomere 5 (last tarsal
segment of hind leg) with ventral preapical setae often forming a distinct median row,
but the setae sometimes absent. Not all pompilines have spiny legs. Some have
smooth legs that could mislead subfamilial classification, for example, in the African
genus Kyphopompilus Arnold and the genera of Aporini. Nesting behavior within this
group is variable and contains most of the states observed in Pompilidae, such as
nesting in pre-existing cavities, using the spider’s burrow, digging a burrow on the
ground, and cleptoparasitism.
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Sericopompilini (new rank)
Three species of Sericopompilus are found in North America and one in
Australia (Evans 1950). Evans (1950) suggested that the disjunct distribution and lack
of morphological specialization indicate that Sericopompilus is an old lineage within
Pompilinae. Evans (1966) further proposed, without formal cladistic analysis, that
Sericopompilus was related to Poecilopompilus Howard and Episyron Schiödte, but
had retained “ancestral conditions” compared to these genera. Shimizu (1994) placed
Sericopompilus as sister to (Austrochares Banks + Parabatozonus Yasumatsu +
Poecilopompilus + Batozonellus Arnold + Episyron Schiødte). Later, Shimizu (1997)
concluded that Agenioideus Ashmead should be considered sister to Sericopompilus,
a conclusion supported by Pitts et al. (2006). Our analyses suggest that
Sericopompilus are possibly an old lineage within this subfamily, as suggested by
Evans (1950).
Sericopompilus have slender bodies, long wings (Wasbauer 1995) and are
distinguished from Pompilinae by having the apical tarsal segments without spines
beneath and all claws of both sexes dentate (Evans 1966). Hunting and nest behavior
of Sericopompilus are similar to other Pompilinae.
Priochilini (reinstated)
Priochilus and Balboana are morphologically enigmatic genera; consequently,
their classification has varied according to author. Both genera exhibit a Neotropical
distribution. Two aspects of their characteristic morphology have also been
historically associated with pepsines and ctenocerines – a sharp transverse groove on
the second metasomal sternite and the fore wing with vein Cu1 not deflected
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downward at base; another characters is shared with pompilines – the metatibia with
apical spine-like setae of irregular lengths and spacing. This morphological similarity
has generated conflicting classifications. Both genera were classified in
Cryptocheilinae (Pepsinae) by Banks (1944, 1946). Haupt (1959) included Priochilus
in Macromerinae (currently Ageniellini (Pepsinae)). Both Priochilus and Ageniellini
species have slender bodies, a petiolate metasoma, and build nests using mud. Evans
(1966) considered the morphological features as convergences associated with the
unusual mud-nesting behavior, and placed Priochilus in Pompilinae.
Priochilus and Balboana are smaller genera, with only 21 and 6 described
species, respectively (F. Fernandez pers. comm.). However, this is likely an
underestimate, based on our qualitative assessment of the diversity of unassigned
specimens present in collections. Priochilini is distinguished by 1) lacking malar
space; 2) having the propodeum with an angled declivity; and 3) having males with
short pronotum, which slopes abruptly. The natural history of Balboana remains
unknown, while Priochilus species use mud pellets to build aerial nests (Evans &
Shimizu 1996; Auko et al. 2013) similar to those of Ageniellini (Pepsinae).
Pepsinae
Pepsinae is also a diverse group with a conflicting history of classification and
several genera of uncertain membership. For example, Epipompilus was previously
considered a monotypic subfamily (Shimizu 1994), and then transferred to
Ctenocerinae (Pitts et al. 2006). More recently, cladistic morphological analyses with
qualitative and quantitative characters suggested Epipompilus to be the sister to
Minagenia Banks (E. F. Santos pers. comm.). Minagenia has suffered similar
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inconsistencies. Minagenia species are morphologically homogeneous, but difficult to
assign to a subfamily (Dreisbach 1953). Townes (1957) placed Minagenia in
Ceropalinae; Haupt (1959), Evans (1973), and Pitts et al. (2006) considered it a
member of Pepsinae. Another example concerns the variable Chirodamus Haliday.
Roig Alsina (1989) split Chirodamus into six Neotropical genera: Chirodamus s.s.,
Plagicurgus Roig Alsina, Calopompilus Ashmead, Pompilocalus Roig Alsina,
Aimatocares Roig Alsina, and Anacyphononyx Banks. Chirodamus s.s. was placed in
Pompilinae by Pitts et al. (2006), but the other genera of Chirodamus s.l. have been
considered Pepsinae.
Our results recovered a monophyletic Pepsinae in the relaxed-clock analysis,
only, with good support. Most of the deeper relationships within this clade were not
supported, while several lineages of more recent origin were highly supported. The
molecular phylogeny supports the assignment of the controversial genera, discussed
above, as members of Pepsinae. Epipompilus is monophyletic, although its position
within Pepsinae is ambiguous. It has a disjunct distribution, with species found in the
Neotropics and Australasia. In both our molecular phylogeny and a morphological
phylogenetic study (E. F. Santos pers. comm.), Epipompilus is recovered as two
major clades, one Neotropical and the other Australasian. Epipompilus hunt spiders
inside their burrows and permanently paralyze them before oviposition (Pollard
1982).
Our analyses also support Minagenia and Chirodamus s.l. as members of
Pepsinae. Minagenia is strongly supported as monophyletic, but its position within
Pepsinae is uncertain. Species of Minagenia differ from other Pepsinae by having a
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straight stinger, a compressed metasoma, bifid claws and the cells 2 r-m and 3 r-m
continuously curved outward and with similar appearance. They are ectoparasitoids,
paralyzing their prey only temporarily. Our results also confirm Roig Alsina’s (1989)
division of Chirodamus into several genera, to the extent that we have sampled these
taxa.
Among Pepsinae tribes, the most morphologically and behaviorally diverse is
Ageniellini (clade L, excluding Cyphononyx). The monophyly of Ageniellini was
recovered by Shimizu (1994), Pitts et al. (2006), and Shimizu et al. (2010), but this
tribe is made paraphyletic in our analyses by the position of Melanagenia.
Melanagenia was recently described by Wahis et al. (2009), and was defined and
placed in Ageniellini by having the metasoma petiolate and by the first tergite lacking
a transverse carina. Our results indicate that Melanagenia is unrelated to other
Ageniellini. Rather, it emerges as sister to Sphictostethus, with which Melanagenia
shares facial characters (lacking of malar space with eyes touching mandibles and a
clypeus somewhat rectangular and convex), pronotal characters (rounded with a deep
sulcus laterally), and wing-venation characters. However, since Melanagenia species
lack a carina on the first tergite and have a petiolate metasoma, these two characters–
although useful in identifying Ageniellini taxa–can no longer be considered unique
synapomorphies of the tribe. The observation that Phanagenia Banks (Ageniellini)
possesses a carina on the first metasomal segment further undermines the diagnostic
value of this character. Melanagenia is herein removed from Ageniellini and placed
in Pepsini. As discussed above (see Ctenocerinae), Lepidocnemis is sister to
Pompilocalus and Aimatocares, within a larger lineage including Sphictostethus and
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Melanagenia. Lepidocnemis is the only representative of Neotropical Ctenocerinae in
our study and is herein transferred to Pepsinae. Pepsini and the other tribes are in dire
need of further studies and redefinition of most of their taxa. Our samples and
analyses are not sufficient to make further nomenclatural decisions regarding tribes.
Pepsinae (clade D) are now defined by: 1) the metasomal sternum 2 with a
distinct sharp transverse groove; 2) the mesofemur and the metafemur without
subapical spine-like setae set in grooves or pits; 3) the metatibia with apical spine-like
setae of uniform length, the setae not splayed; and 4) the fore wing with vein Cu1
simple at base, without any definite downward deflection, such that the second discal
cell (2D) is without a "pocket" posterior. A broad range of nesting behavior occurs
within this subfamily, including nesting in pre-existing cavities, using the spider’s
burrow, digging a burrow in the ground, building nests of mud, and behaving as true
parasitoids and cleptoparasites.
Generic relationships in Pompilidae
Several genera represented in our analyses were not recovered as
monophyletic. In Pompilinae, both Agenioideus and Arachnospila Kincaid are
paraphyletic. Generic validation and phylogenetic relationships of Pompilinae will be
discussed in more detail elsewhere (Rodriguez et al. in preparation). In Pepsinae,
Hemipepsis is paraphyletic, with a Neotropical clade nesting within Epipompilus and
Minagenia, and an Old World clade sister to Leptodialepis. Caliadurgus, Priocnemis
and Sphictostesthus have species nesting within different clades; in addition,
Auplopus and Ageniella are paraphyletic. The relationships and the status of genera in
Ageniellini will be discussed in detail elsewhere (Waichert et al. in preparation).
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Dipogon was divided into five genera by Lelej & Loktionov (2012): Dipogon,
Deuteragenia, Nipponodipogon Ishikawa, Stigmatodipogon Ishikawa, and
Winnemanella Krombein. The divisions were based on morphological phylogenetic
analyses of 13 species. Our study included only representatives of Deuteragenia and
Dipogon; the latter genus nested within Deuteragenia. Thus, we did not recover
Deuteragenia as a monophyletic genus, as suggested by Lelej & Loktionov’s (2012)
analyses.
Conclusion
Five subfamilies are now recognized for Pompilidae. Pompilidae has
accumulated a plethora of names over the years, mostly due to specialists in different
regions having worked on different groups, and a lack of worldwide catalogues,
revisions, and keys to several genera. Spider wasps share a number of morphological
features that must be interpreted as examples of convergence between unrelated
lineages. Such convergence is likely due to ecological factors that have driven similar
morphology in different groups of spider wasps in distinct geographic areas. Spider
wasps that hunt and nest in similar ecological niches are likely to evolve similar
morphological adaptations (e.g. Ctenocerinae genera, Aporini genera in Pompilinae,
and Lepidocnemis and Abernessia Arlé in Pepsinae). Moreover, it is apparent that
several groups have not accumulated sufficient morphological characters to
differentiate them reliably. These results suggest that morphological features should
be evaluated very carefully when defining and classifying pompilid taxa.
Geographical characters can help in delimiting genera and certain tribes and
subfamilies, as many such lineages are restricted to one or a few zoogeographic
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regions. Pompilidae originated approximately 47 Ma in the middle Paleogene, and
appear to have experienced some episodes of rapid diversification (Rodriguez et al. in
preparation). It is possible that the increased diversity of spider families at the
beginning of the Paleogene helped to drive the later diversification of Pompilidae
(Penney 2004; Wilson et al. 2013).
Reference
Aguiar, A. P., Deans, A. R., Engel, M. S., Forshage, M., Huber, J. T., Jennings, J. T.,
Johnson, N. F., Lelej, A. S., Longino, J. T., Lohrmann, V., Miko, I., Ohl, M.,
Rasmussen, C., Taeger, A. & Yu, D. S. K. (2013). Order Hymenoptera. Zootaxa,
3703(1), 51–62.
Arnold, G. (1932a). The Psammocharidae of the Ethiopian Region. Part 1. Subfamily
Pepsinae. Annals of the Transvaal Museum, 14, 284–396.
Arnold, G. (1932b). The Psammocharidae of the Ethiopian Region. Part 2. Subfamily
Claveliinae, Haupt. Annals of the Transvaal Museum, 15, 41–22.
Arnold, G. (1934). The Psammocharidae of the Ethiopian Region. Part 3. Subfamily
Macromerinae Haupt. Annals of the Transvaal Museum, 15, 283–399, 4 pl.
Arnold, G. (1935). The Psammocharid of the Ethiopian Region. Part 4. Subfamily
Psammocharinae. Annals of the Transvaal Museum, 15, 413–483.
Arnold, G. (1936a). The Psammocharidae of the Ethiopian Region. Part 5. Subfamily
Psammocharinae, Continued. Annals of the Transvaal Museum, 18, 73–123.
Arnold, G. (1936b). The Psammocharidae of the Ethiopian Region. Part 6. Subfamily
Psammocharinae, Continued. Annals of the Transvaal Museum, 18, 415–460.

156

	
  

Arnold, G. (1937). The Psammocharidae of the Ethiopian Region. Part 7. Subfamily
Psammocharinae, Continued. Annals of the Transvaal Museum, 19, 1–98.
Auko, T. H., Silvestre, R., & Pitts, J. P. (2013). Nest camouflage in the spider wasp
Priochilus captivum (Fabricius, 1804) (Hymenoptera: Pompilidae), with notes on
the biology. Tropical Zoology, 26 (3), 140–144.
doi:10.1080/03946975.2013.835636
Banks, N. (1912). Psammocharidae: Classification and descriptions. New York
Entomological Society Journal, 19, 219–237.
Banks, N. (1934). The Psammocharidae of the Philippines. Proceedings of
the American Academy of Arts and Sciences, 69, 1–117.
Banks, N. (1938). Some Psamocharidae from Singapore. Proceedings from the
Entomological Society of Washigngton, 40 (8), 237–249.
Banks, N. (1944). The Psammocharidae (Hymenoptera) taken at Kartabo and other
localities in British Guiana. Zoologica, 29, 97–112.
Banks, N. (1946). Studies of South American Psammocharidae, Part I. Bulletin of the
Museum of Comparative Zoology, 96(4), 309–525.
Barthélémy, C. & Pitts, J. P. (2012). Observations on the nesting behavior of two
agenielline spider wasps (Hymenoptera, Pompilidae) in Hong Kong, China:
Macromerella honesta (Smith) and an Auplopus species. Journal of Hymenoptera
Research, 28, 13–35.
Bradley, J. C. (1944). A preliminary revision of the Pompilinae (exclusive of the tribe
Pompilini) of the Americas (Hymenoptera: Pompilidae). The American
Entomological Society, Transactions, 70, 23–157, 4 pl.

157

	
  

Brothers, D. J. (1975). Phylogeny and classification of the aculeate Hymenoptera,
with special reference to Mutillidae. University of Kansas Science Bulletin, 50,
483–648.
Brothers, D. J. (1999). Phylogeny and evolution of wasps, ants and bees
(Hymenoptera, Chrysidoidea, Vespoidea and Apoidea). Zoologica Scripta, 28,
233–250.
Brothers, D. J. & Carpenter, J. M. (1993). Phylogeny of Aculeata: Chrysidoidea and
Vespoidea (Hymenoptera). Journal of Hymenoptera Research, 2(1), 227–250.
Buerki, S., Forest, F., Stadler, T. & Alvarez, N. (2013). The abrupt climate change at
the Eocene-Oligocene boundary and the emergence of South-East Asia triggered
the spread of sapindaceous lineages. Annals of Botany, 112(1), 151–60.
Cockerell, T. D. A. (1908). Descriptions of tertiary insects. American Journal of
Science, 25, 227–232.
Cockerell, T. D. A. (1914). New and little-known insects from the Miocene of
Florissant, Colorado. Journal of Geology, 22, 714–724.
Danforth, B. N., Fang, J. & Sipes, S. (2006). Analysis of family-level relationships in
bees (Hymenoptera: Apiformes) using 28S and two previously unexplored
nuclear genes: CAD and RNA polymerase II. Molecular Phylogenetics and
Evolution, 39, 358-372.
Debevec, A. H., Cardinal, S., & Danforth, B. N. (2012). Identifying the sister group
to the bees: a molecular phylogeny of Aculeata with an emphasis on the
superfamily Apoidea. Zoologica Scripta, 41(5), 527–535. doi:10.1111/j.14636409.2012.00549.x

158

	
  

Drummond A. J., Ho, S. Y. W., Phillips, M. J. & Rambaut, A. (2006). Relaxed
Phylogenetics and Dating with Confidence. PLoS Biol, 4(5), e88.
doi:10.1371/journal.pbio.0040088
Drummond, A. J. & Rambaut, A. (2007). BEAST: Bayesian evolutionary analysis by
sampling trees. BMC Evolutionary Biology, 7, 214. doi:10.1186/1471-2148-7-214
Drummond, A. J. Suchard, M. A., Xie, D. & Rambaut, A. (2012). Bayesian
phylogenetics with BEAUti and the BEAST 1.7. Molecula Biology and Evolution,
29, 1969–1973. doi: 10.1093/molbev/mss075
Dreisbach, R. R. (1953). New species in the genera Dipogon Fox and Minagenia
Banks (Hymenoptera: Psammocharidae) with keys to species and
photomicrographs of genital parts. American Midland Naturalist, 49(3), 832–845.
Evans, H. E. (1950). A taxonomic study of the Nearctic spider wasps belonging to the
tribe Pompilini (Hymenoptera: Pompilidae). Part 1. The American Entomological
Society, Transactions, 75, 133–270.
Evans, H. E. (1953). Ethology and systematics of spider wasps. Systematic Zoology,
2(4), 155–172.
Evans, H. E. (1966). A revision of the Mexican and Central American spider wasps of
the subfamily Pompilinae (Hymenoptera: Pompilidae). Memoirs of the American
Entomological Society, 20, 1–422.
Evans, H. E. (1972). The tribe Ctenoceratini in Australia (Hymenoptera: Pompilidae).
Australian Journal of Entomology, 11(3), 244–252.
Evans, H. E. (1973). Studies on Neotropical Pompilidae (Hymenoptera). The genera
of Auplopodini. Psyche, 80, 212–226.

159

	
  

Evans, H. E. & C. M. Yoshimoto. (1962). The ecology and nesting behavior of the
Pompilidae (Hymenoptera) of the Northeastern United States. Miscellaneous
Publications of the Entomological Society of America, 3, 67–119.
Evans, H. E. & Shimizu, A. (1996). The evolution of the nest building and communal
nesting in Ageniellini (Insecta: Hymenoptera: Pompilidae). Journal of Natural
History, 30, 1633–1648.
Fernández, F. (2006). In Fernández, F. & Sharkey, M. J. 2006. Introducción a los
Hymenoptera de la Región Neotropical. Sociedad Colombiana de Entomología y
Universidad Nacional de Colombia, Bogotá D. C., 894pp.
Harris, A. C. (1987). Fauna of New Zealand 12. Pompilidae. DSIR: Auckland, New
Zealand.
Haupt, H. (1927). Monographie der Psammocharidae (Pompilidae) Mittel-, Nord- und
Osteuropas. Deutschen Entomologischen Zeitschrift [1926-1927], 1–367.
Haupt, H. (1929). Weiterer ausbau meines Systems der Psammocharidae. Mit
Beschreibung neuer gatungen und arten. Mitteilungen aus dem Zoologischen
Museum in Berlin, 15, 109–197.
Haupt, H. (1930). Die einordnung der mir bekannten Psammocharidae mit 2
cubitalzellen in mein system. Mitteilungen aus dem
Zoologischen Museum in Berlin, 16, 673–797.
Haupt, H. (1959). Elemente einer systematischen Aufteilung der Macromerinae m.
(Hymenoptera-Sphecoidea): Fam. Pompilidae, Subfam. Macromerinae. Nova
Acta Leopoldina Leipzig, 21(141), 1–74.

160

	
  

Heraty, J., Ronquist, F., Carpenter, J. M., Hawks, D., Schulmeister, S., Dowling, A.
P., Murray, D., Munro, J., Wheeler, W. C., Schiff, N. & Sharkey, M. (2011).
Evolution of the hymenopteran megaradiation. Molecular Phylogenetics and
Evolution, 60, 73–88.
Jaramillo, C., Rueda, M. J. & Mora, G. (2006). Cenozoic plant diversity in the
neotropics. Science, 311, 1893–1896.
Jenks, G. E. (1938). Marvels of Metamorphosis: a scientific “G-man” pursues rare
trapdoor spider parasites for three years with a spade and a candid camera. The
National Geographic Magazine, 74, 807–828.
Johnson, B. R., Borowiec, M. L., Chiu, J. C., Lee, E. K., Atallah, J. & Ward, P. S.
(2013). Phylogenomics resolves evolutionary relationships among ants, bees, and
wasps. Current Biology, 23, 2058–2062.
Katz, M. E., Miller, K. G., Wright, J. D., Wade, B. S., Browning, J. V., Cramer, B. S.
& Rosenthal, Y. (2008). Stepwise transition from the Eocene greenhouse to the
Oligocene icehouse. Natural Geosciences, 1, 329–334.
Kurczewski, F. E. (1981). Observations on the Nesting Behaviors of Spider-Wasps in
Southern Florida (Hymenoptera: Pompilidae). The Florida Entomologist, 64(3),
424–437.
Kurczewski, F. E. (2010). Prey and Nesting Behavior of Some North American
Spider Wasps (Hymenoptera: Pompilidae). Northeastern Naturalist, 17, 115–124.
Kurczewski, F. E. & Edwards, G. B. (2012). Hosts, nesting behavior, and ecology of
some North American spider wasps (Hymenoptera: Pompilidae). Southerastern
Naturalist, 11(Monograph 4), 1–72.

161

	
  

Lanfear, R., Calcott, B., Ho, S. Y. W., Guindon, S. (2012). PartitionFinder: combined
selection of partitioning schemes and substitution models for phylogenetic
analyses. Molecular Biology and Evolution, 29, 1695–1701. Doi:
10.1093/molbev/mss020.
Lelej, A. S. & Loktionov, V. M. (2012). Phylogeny and classification of the tribe
Deuterageniini (Hymenoptera, Pompilidae: Pepsinae). Far Eastern Entomologist,
254, 1–15.
Penney, D. (2004). Does the fossil record of spiders track that of their principal prey,
the insects. Transactions of the Royal Society of Edinburgh, Earth Sciences, 94,
275–281.
Pilgrim, E. M. & Pitts, J. P. (2006). A molecular method for associating the
dimorphic sexes of velvet ants (Hymenoptera: Mutillidae). Journal of Kansas
Entomological Society, 79(3), 222–230.
Pilgrim, E., von Dohlen, C. D. & Pitts, J. P. (2008). Molecular phylogenetics of
Vespoidea indicate paraphyly of the superfamily and novel relationships of its
component families and subfamilies. Zoologica Scripta, 37(5), 539–560.
Pitts, J. P., Wasbauer, M. S. & von Dohlen, C. D. (2006). Preliminary morphological
analysis of relationships between the spider wasp subfamilies (Hymenoptera:
Pompilidae): revisiting an old problem. Zoologica Scripta, 35, 63–84.
Pollard, S. D. (1982). Epipompilis insularis (Hymenoptera: Pompilidae), a parasitoid
of hunting spiders. New Zealand Journal of Zoology, 9(1), 37–39.
Priesner, H. (1955). A review of the Pompilidae of Egypt. Bulletin of the
Entomological Society of Egypt, 39, 1–215.

162

	
  

Pybus, O. G. (2006). Model selction and the molecular clock. Plos Biology, 4(5),
0686–0688. doi: 10.1371/journal.pbio.0040151
Rodriguez, J., Waichert, C., von Dohlen, C. D., Poinar, G. O. Jr. & Pitts, J.P.
(Submitted). Two new genera and three new species of fossil Pompilidae from
amber and their evolutionary implications. Acta Palaeontologica Polonica.
Roig Alsina, A. (1989). La posicion sistematica de los grupos hasta ahora incluidos
en Chirodamus Haliday sensu lato y revision de Pompilocalus gen. nov.
(Hymenoptera Pompilidae). Revista de la Sociedad Entomologia de Argentina,
43, 165–170.
Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. L., Darling, A., Hohna, S.,
Larget, B., Liu, L., Suchard, M. A. & Huelsenbeck, J. P. (2012). MrBayes 3.2:
efficient Bayesian phylogenetic inference and model choice across a large model
space. Systematic Biology, 61, 539–542. doi:10.1093/sysbio/sys029
Schulmeister, S. (2003). Simultaneous analysis of basal Hymenoptera (Insecta),
introducing robust-choice sensitivity analysis. Biological Journal of the Linnean
Society, 79, 245–275.
Stamatakis, A. (2006). RAxML-VI-HPC: Maximum Likelihood-based Phylogenetic
Analyses with Thousands of Taxa and Mixed Models. Bioinformatics, 22(21),
2688–2690.
Stamatakis, A., Hoover, P. & Rougemont, J. (2008). A Fast Bootstrapping Algorithm
for the RAxML Web-Servers, Systematic Biology, 57(5), 758–771.
Shimizu, A. (1994). Phylogeny and classification of the family Pompilidae
(Hymenoptera). TMU Bulletin of Natural History, 2, 1–142.

163

	
  

Shimizu, A. (1997). Taxonomic studies on the Pompilidae occurring in Japan north of
the Ryukyus: The genus Agenioideus Ashmead (Hymenoptera). Japanese Journal
of Entomology, 65, 143–167.
Shimizu, A., Wasbauer, M. S. & Takami, Y. (2010). Phylogeny and the evolution of
nesting behaviour in the tribe Ageniellini (Insecta: Hymenoptera: Pompilidae).
Zoological Journal of the Linnean Society, 160(1), 88–117.
Süstera, O. (1912). Die paläarktischen Gattungen der Familie Psamocharidae (olim
Pompilidae, Hym). Verhandlungen der Zoologisch-Botanischen Gesellschaft
in Wien, 62, 171–213.
Townes, H. (1957). Neartic wasps of the subfamilies Pepsinae and Ceropalinae.
United Sates National Museum Bulletin, 209, 286.
Wahis, R. (1981). Revision du genre Minotocyphus Banks (Hym., Pompilidae).
Bulletin de la societe entomologique Suisse, 54(4), 399–414.
Wahis, R., Durand, F. & Villemant, C. (2009). Pompiles de l’île d’Espiritu Santo,
Vanuatu (Insecta, Hymenoptera, Pompilidae). Zoosystema, 31(3), 707–718.
Waichert, C. & Pitts, J. P. (2011). Description of a new Abernessia with notes on
Neotropical Ctenocerinae (Hymenoptera: Pompilidae). Annals of the
Entomological Society of America, 104(6), 1279–1284.
Wasbauer, M. S. (1995). Pompilidae (pp. 522-539). In P. E. Hanson & I. D. Gauld
(Eds) The Hymenoptera of Costa Rica. Oxford: Oxford University Press.
Williams, F. X. (1928). Studies on tropical wasps, their hosts and associates. Bulletin
of the Experiment Station of the Hawaiian Sugar Planters’ Association.
Entomological series, 19, 128–143.

164

	
  

Wilson, J. S., von Dohlen, C. D., Forister, M. L. & Pitts, J. P. (2013). Family-Level
divergences in the stinging wasps (Hymenoptera: Aculeata), with correlations to
angiosperm diversification, Evolutionary Biology, 40, 101–107.
Zhonghui, L., Pagani, M., Zinniker, D., DeConto, R., Huber, M., Brinkhuis, H., Shah,
S. R., Leckie, R. M. & Pearson, A. (2009). Global cooling during the Eocene–
Oligocene climate transition. Science, 323, 1187–1190.

165

	
  

Table 3.1. Voucher and collection information for specimens used in the molecular
analyses, and GenBank accession number for sequences.
GenBank Accession Numbers
Subfamily

Ceropalinae

Ctenocerinae

Notocyphinae

Pompilinae

Species name

ID

Locality

Collec.

Ceropales tenuatus Turner

PO227

Australia

EMUS

Ceropales pacifica Townes

PO233

U.S.A

EMUS

Ceropales sp.

PO232

Argentina

EMUS

Irenangelus furtiva Evans

PO262

Peru

EMUS

Irenangelus sp.

PO392

Argentina

EMUS

Ctenocerus klugi Dahlbom

PO165

South Africa

EMUS

Ctenocerus klugi Dahlbom

PO326

South Africa

EMUS

Paraclavelia crudelis (Smith)

PO164

South Africa

EMUS

Paraclavelia crudelis (Smith)

PO173

South Africa

EMUS

Pseudopedinaspis sp.

PO277

Madagascar

EMUS

Trichosalius sp.

PO336

South Africa

EMUS

Notocyphus bipartitus Banks

PO987

Colombia

EMUS

Notocyphus dorsalis Cresson

PO27

U.S.A

EMUS

Notocyphus sp.

PO28

Costa Rica

EMUS

Notocyphus sp.
Ageniodeus (Ridestus)
biedermani (Banks)
Ageniodeus (Gymnochares)
birkmanni (Banks)
Agenioideus (Agenioideus)
humilis (Cresson)
Agenioideus sp.

PO289

Argentina

EMUS

PO189

U.S.A

EMUS

PO191

U.S.A

EMUS

PO141

U.S.A

EMUS

PO340

Madagascar

EMUS

Allochares azureus (Cresson)
Ammosphex occidentalis
(Dreisbach)
Anoplius (Lophopompilus)
aethiops (Cresson)
Anoplochares apicatus
Provancher
Aporinellus atristylus (Saussure)

PO387

U.S.A

EMUS

PO7

U.S.A

EMUS

PO8

U.S.A

EMUS

PO171

U.S.A

EMUS

PO43

Madagascar

EMUS

Aporinellus fuscatus (Kohl)

PO148

Chile

EMUS

Aporinellus sinuatus Evans

PO42

U.S.A

EMUS

Aporus bicolor Spinola

PO333

Israel

EMUS

Aporus bicolor Spinola

PO310

Spain

EMUS

Aporus luxus (Banks)

PO6

U.S.A

EMUS

Aporus niger (Cresson)

PO11

U.S.A

EMUS

Aporus unicolor Spinola
Arachnospila scelestus
(Cresson)

PO311

Spain

EMUS

PO158

U.S.A

EMUS

28S

EF-1α

LWRh

Pol2
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Arachnospila (Ammosphex)
smaragdina (Herbst)
Aridestus jaffueli (Herbst)

PO153

Chile

EMUS

PO144

Chile

EMUS

Atelostegus thrinax Kohl
Atopopompilus nr. carinatus
(Radoszkowski)
Atopopompilus nefas (Dalla
Torre)
Batozonellus fuliginosis (Klug)
Batozonellus madecassus
(Saussure)
Ctenostegus hilli Turner
Dicranoplius cujanus
(Holmberg)
Dicranoplius diphonicus
(Spinola)
Entomobora crassitarsis (Costa)

PO342

Madagascar

EMUS

PO281

Madagascar

EMUS

PO32

Madagascar

EMUS

PO204

South Africa

EMUS

PO169

Madagascar

EMUS

PO131

Australia

EMUS

PO199

Argentina

EMUS

PO151

Chile

EMUS

PO312

Spain

EMUS

Epiclinotus sp.

PO352

South Africa

EMUS

Euplaniceps saussurei (Kohl)

PO145

Chile

EMUS

Euplaniceps sima Bradley
Euryzonotulus nigeriensis
Arnold
Evagetes nr. argenteodecoratus
(Cameron)
Evagetes nitidulus (Guérin)
Ferreola erythrocephala
(Guérin)
Ferreola saussurei (Banks)

PO290

Argentina

EMUS

PO356

Madagascar

EMUS

PO349

South Africa

EMUS

PO400

Chile

EMUS

PO339

Madagascar

EMUS

PO26

Madagascar

EMUS

Ferreola sp.

PO343

South Africa

EMUS

Homonotus sp.

PO224

Australia

EMUS

Homonotus sp.
Kyphopompilus atriventris
Wahis
Microphadnus sp.

PO388

Thailand

EMUS

PO36

Madagascar

EMUS

PO278

Madagascar

EMUS

Microphadnus sp.
Perissopompilus phoenix
(Evans)
Perissopompilus sp.

PO159

Madagascar

EMUS

PO70

U.S.A

EMUS

PO121

U.S.A

EMUS

Poecilopompilus algidus (Smith)

PO49

Costa Rica

EMUS

Pompilus cinereus (Fabricius)

PO270

Madagascar

EMUS

Psorthaspis connexa (Cresson)

PO64

Costa Rica

EMUS

Schistonyx aterrimus Arnold

PO257

Namibia

EMUS

Schistonyx sp.

PO346

Madagascar

EMUS

Schistonyx nyassae (Dalla Torre)

PO353

Madagascar

EMUS

Tachypompilus ferrugineus Say

PO38

U.S.A

EMUS

Telostegus sp.

PO329

Israel

EMUS

Turneromyia ahrimanes

PO222

Australia

EMUS
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(Turner)
Turneromyia wiluna (Evans)

PO220

Australia

EMUS

Xenopompilus tarascanus Evans

PO116

Costa Rica

EMUS

Xenopompilus nugador (Evans)

PO119

Mexico

EMUS

Balboana sp.

PO395

Bolivia

EMUS

Priochilus captivum (Fabricius)

PO964

Brazil

UFES

Priochilus sericeifrons (Fox)

PO260

Peru

EMUS

Priochilus sp.

PO398

Guyana

EMUS

Priochilus sp.

PO264

Bolivia

EMUS

Priochilus sp.
Priochilus splendidum
(Fabricius)

PO347

Bolivia

EMUS

PO385

Guyana

EMUS

PO53

U.S.A

EMUS

PO52

U.S.A

EMUS

PO535

Brazil

UFES

PO75

U.S.A

EMUS

PO354

U.S.A

EMUS

PO812

Brazil

UFES

PO288

Mexico

EMUS

PO526

Peru

EMUS

PO512

Nicaragua

EMUS

PO263

Bolivia

EMUS

Auplopus adjunctus (Banks)

PO78

U.S.A

EMUS

Auplopus mellipes (Say)

PO2

U.S.A

EMUS

Auplopus smithi (Dalla Torre)

PO265

Peru

EMUS

Auplopus sp.

PO20

Madagascar

EMUS

Auplopus sp.

PO16

EMUS

Auplopus sp.

PO293

Auplopus sp.

PO350

Auplopus sp.

PO302

Caliadurgus cinereus (Fox)

PO161

Madagascar
Papua New
Guinea
Madagascar
Papua New
Guinea
Chile

Caliadurgus sp.

PO320

Australia

EMUS

Calopompilus feroculis (Banks)
Calopompilus pyrrhomelas
(Walker)
Chirodamus hirsutulus (Spinola)

PO284

U.S.A

EMUS

PO57

U.S.A

EMUS

PO168

Chile

EMUS

Sericopompilus neotropicalis
(Cameron)
Pepsinae

Ageniella (Ageniella) accepta
(Cresson)
Ageniella (Cyrtagenia) fallax
Arlé
Ageniella (Ageniella) coronata
Banks
Ageniella (Priophanes) faceta
faceta (Cresson)
Ageniella (Priophanes)
sanguinolenta (Smith)
Ageniella (Alasagenia)
sartoriana (Cresson)
Ageniella (Priophanes) sp.
Ageniella (Ameragenia) zeteki
Banks
Aimatocare longula (Banks)

EMUS
EMUS
EMUS
EMUS
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Cordyloscelis sp.
Cryptocheilus idoneum
birkmanni Banks
Cryptocheilus terminatus
terminatus (Say)
Cyphononyx vitiensis Turner
Diplonyx campanulatus
Saussure
Deuteragenia sayi (Banks)

PO338

South Africa

EMUS

PO62

U.S.A

EMUS

PO283

U.S.A

EMUS

PO875

Fiji

EMUS

PO970

Madagascar

EMUS

PO81

Madagascar

EMUS

Deuteragenia sericea (Banks)

PO5

U.S.A

EMUS

Deuteragenia sp.

PO348

Hungary

EMUS

Dipogon graenicheri Banks

PO77

U.S.A

EMUS

Dinosalius flavifrons (Cameron)

PO301

Malaysia

EMUS

Epipompilus bushi Evans

PO317

Australia

EMUS

Epipompilus incompletus Evans

PO163

Australia

EMUS

Epipompilus insularis Kohl

PO304

New Zealand

EMUS

Epipompilus tucumanus Evans

PO213

Bolivia

EMUS

Epipompilus sp.

PO389

Colombia

EMUS

Entypus unifasciatus (Say)

PO184

U.S.A

EMUS

Hemipepsis australasiae (Smith)

PO221

Australia

EMUS

Hemipepsis nr. capensis
Hemipepsis ustulata ochroptera
Stal
Herbstellus pachylopus (Kohl)

PO24

Madagascar

EMUS

PO30

U.S.A

EMUS

PO149

Chile

EMUS

Lepidocnemis antiquus Haupt

PO402

Argentina

EMUS

Leptodialepis (Nyctalosalius) sp.

PO300

India

EMUS

Machaerothrix sp.

PO672

EMUS

Macromeris sp.

PO256

Maurillus australis Smith

PO404

Thailand
Papua New
Guinea
Australia

Maurillus sp.

PO405

Australia

EMUS

Maurillus sp.

PO406

Australia

EMUS

Maurillus sp.

Australia
New
Caledonia
U.S.A

EMUS

Minagenia julia (Brimley)

PO225
PO100
3
PO230

Minagenia sp.

PO274

Madagascar

EMUS

Minagenia sp.

PO973

India

EMUS

Minagenia sp.

PO967

South Africa

EMUS

Pepsis formosa (Say)

PO360

U.S.A

EMUS

Pepsis pallidolimbata Lucas
Phanagenia bombycina
(Cresson)
Pompilocalus caupolican Roig
Alsina

PO358

U.S.A

EMUS

PO916

U.S.A

UFES

PO150

Chile

EMUS

Melanagenia sp.

EMUS
EMUS

RW
EMUS
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Outgroup

Priocnemella micans (Fabricius)

PO545

Priocnemis minorata Banks

PO34

French
Guyana
U.S.A

Priocnemis pertubator (Harris)

PO313

Hungary

EMUS

Priocnemis parvula Dahlbom

PO309

Spain

EMUS

Priocnemis sp.

PO201

South Africa

EMUS

Priocnemis sp.

PO321

Australia

EMUS

Priocnessus nuperus (Cresson)

PO286

U.S.A

EMUS

Priocnessus sp.
Psoropempula erythrostethus
(Smith)
Psoropempula perpulchra
(Turner)
Sphictostethus fugax (Fabricius)
Sphictostethus xanthopus
(Spinola)

PO66

Costa Rica

EMUS

PO200

Australia

EMUS

PO223

Australia

EMUS

PO296

New Zealand

EMUS

PO167

Chile

EMUS

EMUS
EMUS

Chyphotes mellipes (Blake)

Chyph
otes

U.S.A

EMUS

Pilgrim
et al.
2008

Dasymutilla chiron (Blake)

JP256

U.S.A

EMUS

Pilgrim
et al.
2008

Pilgri
m et
al.
2008
Pilgri
m et
al.
2008

Pilgrim et
al. 2008
Pilgrim et
al. 2008

Pilgrim
et al.
2008
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Table 3.2. Primers used for PCR amplification and sequencing processes.
Primer name
28S

Primer sequence

Reference

CF2

TGG TAA CTC CAT CTA AGG CTA AAT A

Campbell et al. 2000

CF

CGTGTTGCTTGATAGTGCAGC

Heraty et al. 2004

D5R

CCC ACA GCG CCA GTT CTG CTT ACC

Schulmeister 2003

F2for1

GGTTCCTTCAAATATGCTTGG

Pilgrim et al. 2008

F2for4

CGT GGT ATC ACG ATC GA

F2for2 ??

GCCGAACGTGAGCGTGG

F2rev4

GCT TCG TGG TGC ATT TC

Danforth & Ji 1998
Modified from Pilgrim et al.
2008
Pilgrim et al. 2008

F2rev1

AATCAGCAGCACCTTTAGGTG

Danforth & Ji 1998

LWRhR

ATA TGG AGT CCA NGC CAT RAA CCA

Mardulyn & Cameron 1999

MutiOpsin1F

ACG CGA TGT GCG GTT CAC TGT TCG G

Pilgrim et al. 2008

Polfor2a

AAYAARCCVGTYATGGGTATTGTRCA

Danforth et al. 2006

PL758R

ACGACCATAGCCTTBAGRTTR

Polfor5

AACAACCCGGTCATGGGTATTGTGCA

Pol2rev5

GAATTCTCGACGAATCCTCT

Wild & Maddison 2008
Modified from Danforth et al.
2006
Modified from Danforth et al.
2006

EF-1α

LWRh

Pol2

Wg
LepWg1 for

GAR TGY AAR TGY CAY GGY ATG TCT GG

LepWg2

ACTGCGCARCACCARTGGAATGTGCA

modLepWg2 rev

ACT ICG CRC ACC ART GGA ATG TRC A

Brower & DeSalle 1998
Modified from Pilgrim et al.
2008
Brower & DeSalle 1998

Wg290F

GCW GTR ACT CAC AGY ATC GC

Pilgrim et al. 2008
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Table 3.3. Best partitioning scheme determined by PartitionFinder, with the
corresponding model of molecular evolution and the loci included in each.

28S

EF-1α

LWRh

Pol2

PartitionFinder

MrBayes

SYM+I+G

nst=6 rates=invgamma statefreqpr=fixed(equal)
codon1= nst=2 rates=invgamma
statefreqpr=fixed(equal) codon2= nst=6
rates=invgamma statefreqpr=fixed(equal)
codon3=nst=6 rates=gamma
statefreqpr=fixed(equal)
codon1= nst=6 rates=invgamma
statefreqpr=fixed(equal) codon2= nst=6
rates=invgamma statefreqpr=fixed(equal)
codon3= nst=6 rates=invgamma
codon1=nst=1 rates=gamma
codon2= nst=2 rates=invgamma
statefreqpr=fixed(equal)
codon3= nst=6 rates=invgamma

codon1=K80+I+G
codon2=SYM+I+G
codon3= SYM+G
codon1=SYM+I+G
codon2=SYM+I+G
codon3=GTR+I+G
codon1=JC+G
codon2=K80+I+G
codon3=GTR+I+G

Table 3.4. Newly proposed subfamilial groups, lettered clades from Fig. 1, number of
genera, and biological traits.
Subfamily

Clade in Fig. 1

Number Genera

Life History

Ceropalinae

F

2

Cleptoparasite* of other pompilids

Ctenocerinae

A

11

Likely idiobiont* ectoparasitoid of trap-door spiders

Notocyphinae

E

1

Koinobiont* ectoparasitoid of Theraphosidae spiders

Pepsinae

D

~34**

Cleptoparasite of other pompilids; idiobiont or koinobiont
ectoparasitoid of various spider families nesting in preexisting cavity, self-constructed burrow, or in a mud nest

Pompilinae

C

~42**

Cleptoparasite of other pompilids; idiobiont ectoparasitoid of
various spider families nesting in pre-existing cavity, selfconstructed burrow, or in a mud nest

*Cleptoparasite=takes its host from another wasp; idiobiont=parasitoid that prevents further development of the
host; koinobiont=parasitoid that allows further development of the host.
**There are likely more genera than the number presented here in geographical areas where the taxa are understudied.
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Figure 3.1 (part 1). Consensus phylogenetic reconstruction for Pompilidae resulting
from two Bayesian MCMC runs performed in MrBayes and 100 Bootstrap replicates
through a ML search. Bayesian Posterior Probabilities (PP) of nodes shown as the
first value, Maximum Likelihood Bootstrap pseudoreplicates (BP) shown as the
second value. Asterisk (*) indicates nodes not recovered in the analysis. Only BP>
50% and PP> 0.5 are displayed on nodes.

	
  

Figure 3.1 (part 2).
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Figure 3.2 (part 1). Consensus phylogenetic reconstruction for Pompilidae resulting
from two Bayesian MCMC runs performed in BEAST. BEAST Posterior Probability
(PP) values are displayed on nodes. Colors indicate subfamilial boundaries proposed.
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Figure 3.2 (part 2). Consensus phylogenetic reconstruction for Pompilidae resulting
from two Bayesian MCMC runs performed in BEAST. BEAST Posterior Probability
(PP) values are displayed on nodes. Colors indicate subfamilial boundaries proposed.
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Figure 3.3. A simplified phylogeny from Fig. 1 showing newly proposed subfamilial
relationships in Pompilidae.
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CHAPTER 4
RESURRECTION, REVISION, AND MOLECULAR PHYLOGENETICS OF
ERAGENIA BANKS WITH IMPLICATIONS FOR AGENIELLINI SYSTEMATICS
(HYMENOPTERA: POMPILIDAE)3
Abstract
Priocnemella Banks is a small Neotropical genus within Ageniellini with
remarkable morphological variation between species. Some species are small and
variable in color, whereas others are large with black integument and yellow wings.
We conducted a phylogenetic analysis of Priocnemella based on the mitochondrial
gene cytochrome oxidase I and the nuclear marker long-wavelength rhodopsin. Our
results indicated that Priocnemella is a paraphyletic genus. Based on molecular
phylogenetic analyses, we discuss the taxonomic validity of Priocnemella, its
implications, and a new circumscription of genera of Ageniellini. Eragenia Banks is
revalidated (stat. rev.) and applied to 16 species, eight of which are newly described:
Eragenia bella Waichert & Pitts sp. n., E. carinata Waichert & Pitts sp. n., E. dentata
Waichert & Pitts sp. n., E. oliva Waichert & Pitts sp. n., E. pseudomicans Waichert &
Pitts sp. n., E. setosa Waichert & Pitts sp. n., E. rotunda Waichert & Pitts sp. n., E.
villosa Waichert & Pitts sp. n., E. abdominalis (Smith), E. amabilis (Taschenberg), E.
aureicornis (Smith), E. coerulipes (Smith), E. congrua (Fox), E. isolata (Banks), E.
micans (Fabricius), and E. tabascoensis (Cameron). Priocnemella fairchildi (Banks),
P. insignis (Banks), P. eurytheme Banks, P. hexagona (Fox), and P. hexagona omissa

3

This manuscript is formatted and submitted to Systematic Entomology. The authors of the
journal paper are: Cecilia Waichert, Carol D. von Dohlen, and James P. Pitts.
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Banks maintain their generic status. Phanochilus Banks is considered a junior
synonym of Priocnemella and the following species are newly placed within
Priocnemella: P. fuscomarginata (Fox), P. gloriosa (Smith), P. nobilitata (Smith),
and P. ornata (Banks). The following nomenclatural changes are proposed:
Priocnemella rufothorax (Banks) is synonymized under Eragenia micans (Fabricius)
(syn. n.); Priocnemella delila (Banks), Priocnemella bequaerti (Banks) and
Priocnemella infelix (Banks) are junior synonyms of Eragenia aureicornis (Smith)
(syn. n.) (comb. n). New combinations are proposed for Eragenia aureicornis (Smith)
comb. n. (from Agenia); Eragenia abdominalis (Smith) comb. n. (from Agenia);
Eragenia congrua (Fox) comb. n. (from Salius); and Eragenia coerulipes (Smith)
comb. n. (from Agenia). A neotype is designated for E. coerulipes and for E.
tabascoensis. Divergence dates between species of Eragenia, ancestral areas and
pattern of dispersal that shaped the current geographic distribution are discussed. The
genus is about 9.8 Ma old, originating in Mesoamerica during the Miocene. Finally,
newly described male genitalic characters are discussed and illustrated, and illustrated
keys for males and females species of Eragenia are provided.

This work has been registered in ZooBank,
http://zoobank.org/urn:lsid:zoobank.org:pub:8308D00F-E25E-4019-A94BDCAEDED67D4C
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Introduction
Ageniellini spider wasps (Hymenoptera: Pompilidae) are a group of
cosmopolitan, morphologically and behaviorally diverse pompilids. Seven genera are
recognized in the Neotropical region. Ageniellini species are notable for their
unusual, specialized behaviors associated with prey capture and nesting. Some
females amputate the legs of their spider hosts, others build mud nests solitarily or
communally (see Evans & Shimizu, 1996; Shimizu et al., 2010), and a few species
are cleptoparasites. Despite their intriguing biology, the taxonomy of the Neotropical
Ageniellini has been neglected. Several genera are distinguished by
sympleisomorphies, there are no keys for identifying males, and no broad revision has
ever been done.
Priocnemella is a small Neotropical genus in Ageniellini found in Central and
South America (Fernández, 2000); only one species, P. tabascoensis (Cameron), is
reported from North America, in southern Texas (U.S.) (Townes, 1957). This genus
was first proposed as a subgenus of Priocnemis Schiødte by Banks (1925). Pate
(1946) elevated it to genus level. Later, the Neotropical taxon, Eragenia Banks
(1946), was proposed as monotypic based on the species E. infelix Banks. This single
species of Eragenia was synonymized with Priocnemella by Townes in 1957.
Finally, Evans (1973) merged another genus, Cosmagenia Haupt (1959), with
Priocnemella. Priocnemella, however, remains a taxonomically neglected genus in
Ageniellini. It lacks a revision and keys for species identifications. Even the number
of species placed in this group is uncertain.
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Priocnemella exhibits considerable morphological variation, which overlaps that
of certain other genera. Species range from small to large size, with diverse color
patterns. Most species are slender and morphologically similar to species of Ageniella
Banks (another Neotropical genus of Ageniellini), differing by having an outwardly
curved spine at the apex of the fore tibia. This character, however, is found only in
females, making male identification more challenging. Distinguishing characteristics
of Priocnemella males are deficient; they are recognized by having antennae with the
middle segments of the flagellum orange or yellow with the remainder black
(Wasbauer, 1995), which are features also present in males of the Ageniella subgenus
Priophanes. The taxonomic confusion extends to another Neotropical Ageniellini
genus, Phanochilus Banks, which is morphologically similar to Priocnemella.
Females of Phanochilus are also characterized by the curved spine on the fore tibia.
They can be distinguishing from Priocnemella by the anterior margin of the clypeus,
which is strongly invaginated in Phanochilus, but only slightly invaginated or straight
in Priocnemella.
Nesting and prey-capture behavior of Priocnemella species are not well known
and there are few published descriptions. As is typical for other Ageniellini, most
Priocnemella species probably amputate the legs of their spider hosts, although
females may exhibit variable behavior. Priocnemella rufothorax (Banks) (Pr. micans)
was reported carrying a spider without amputating the legs (Kimsey, 1980). Wilson
and Pitts (2007), on the other hand, witnessed an undetermined Priocnemella carrying
its prey with all legs amputated at the coxae, and Cambra et al. (2004) described the
same behavior for P. fairchildi Banks. Carvalho-Filho et al. (submitted) observed
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nesting aggregations of P. congrua (Fox), where females bored holes in a living tree.
Females were observed carrying both non-amputated and amputated prey, and they
were also described using the tip of metasoma to close the nest with masticated wood
material (Carvalho-Filho et al., submitted).
The relationship of Priocnemella with other Ageniellini genera remains unsolved.
Shimizu et al. (2010) presented a polytomy between Mystacagenia Evans,
Phanochilus, Priocnemella, and Ageniella based on morphological evidence.
Preliminary molecular analyses of Ageniellini (Waichert et al., unpublished data)
suggest that Priocnemella and other Neotropical genera of Ageniellini are
paraphyletic.
The objectives of this paper are to reconstruct the phylogeny of Priocnemella
using molecular data from one nuclear and one mitochondrial marker, and use the
phylogeny to evaluate morphological characters, revise the genus at the species level,
and discuss historical biogeography of the group. Finally, we discuss the implications
of our findings for the taxonomy and systematics of Ageniellini as a whole.
Material and methods
Morphological study
Morphological abbreviations used in the descriptions are the same as those used
by Wasbauer and Kimsey (1985). They are defined as follows: FD = facial distance;
LA3 = length of third antennal segment; MID = middle interocular distance; OOL =
ocellocular length; POL = postocellar length; TFD = transfacial distance; UID =
upper interocular distance; and WA3 = width of third antennal segment.
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Measurements of the clypeus are as follow: WC = width of clypeus, measured from
the widest points; and LC = highest length of clypeus (Waichert & Pitts, 2013). Wing
venation terminology follows that of Goulet and Huber (1993).
To assess male genitalic characters, the male genitalia were extracted after being
previously softened in 90% ethanol for 10 minutes. The muscles were then removed
in a potassium hydroxide solution (KOH 10%), which was exposed to heat for ~2
minutes; the genitalia were later placed in acetic acid for ~10 minutes to neutralize
the KOH and placed in tubes filled with glycerin. Male genitalia were studied under
dissecting scope Leica Mz8 by using a depression slide.
Descriptions were generated with DELTA (Descriptive Language for Taxonomy)
as proposed by Dallwitz et al. (1993).
Acronyms for the repositories are as follows: AEI – American Entomological
Institute, Gainesville, Florida; BMNH – The Natural History Museum, London,
United Kingdom; CASC – California Academy of Sciences, San Francisco,
California, USA; CEPLAC – Comissão Executiva de Planejamento da Lavoura
Cacaueira, Ilhéus, Bahia, Brazil; CMNH – Carnegie Museum of Natural History,
Pittsburgh, Pennsylvania, USA; CUIC – Cornell University Insect Collection, Ithaca,
New York, USA; FSCA – Florida State Collection of Arthropods, Gainesville,
Florida, USA; EMUS – Entomological Museum of Utah State University, Logan,
Utah, USA; IAVH – Instituto de Investigación de Recursos Biológicos Alexander von
Humboldt, Bogotá, Colombia; MCZ – Museum of Comparative Zoology, Harvard
University, Cambridge, Massachusetts, USA; MLUH – Sektion Biowissenschaften
Martin-Luther Universität, Halle, Germany; MPEG – Museu Paranaense Emílio
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Goeldi, Belém, Pará, Brazil; MW – Dr. Marius Wasbauer’s Personal Collection,
Oregon, USA; MZLU – Museum of Zoology, Lund University, Lund, Sweden;
MZUEFS – Museu de Zoologia da Univesidade Estadual de Feira de Santana, Feira
de Santana, Bahia, Brazil; MZUSP – Museu de Zoologia de Universidade de São
Paulo, São Paulo, São Paulo, Brazil; PMAE – Provincial Museum of Alberta,
Edmonton, Alberta, Canada; RW – Dr. Raymond Wahis's Personal Collection,
Gembloux, Belgium; UCDC – R. M. Bohart Museum of Entomology, University of
California, Davis, California, USA; UNAM – Colección del Instituto de Biologia
UNAM, México, México; UFES – Coleção Entomológica da Universidade Federal
do Espírito Santo, Vitória, Espírito Santo, Brazil; USNM – National Museum of
Natural History, Washington, D.C., USA; UTIC – University of Texas Insect
Collection, Austin, Texas, USA; YPMNH – Yale Peabody Museum of Natural
History, Yale University, New Haven, Connecticut, USA; ZMK – Zoological
Museum of Kiel University, Kiel, Germany; ZMUC – Natural History Museum of
Denmark, University of Copenhagen, Copenhagen, Denmark.
Images were taken with a Jenoptik camera coupled to a Leica Mz7.5 dissecting
microscope. The images were processed by Zerene Stacker1.04 software, and
processed in Adobe Photoshop Elements 9.
Molecular studies
We amplified sequences of the mitochondrial gene, cytochrome oxidase I (COI),
and the nuclear marker, long-wavelength rhodopsin (LWRh), which have been
proven to be informative for reconstructing relationships of closely related species in
Hymenoptera (Danforth et al., 1998; Li et al., 2010; Derocles et al., 2012). These
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genes were also chosen based on preliminary analyses that showed good support at
the tips of the topology, helping to discriminate species.
Extraction of the DNA used the entire individual after puncturing the top of the
thorax. Extractions were performed with the Roche High Pure PCR Template
Purification Kit, following the manufacturer’s protocols. After extractions, all
specimens were re-pinned for external anatomical study.
Amplification of COI was by the polymerase chain reaction (PCR) using the
insect universal primers LEP-F1 5’-ATTCAACCAATCATAAAGATAT-3’ and
LEP-R1 5’-TAAACTTCTGGATGTCCAAAA-3’ (Hebert et al., 2004). PCR
conditions and volumes were as follows: 6 µl of ddH2O, 10 µl of GoTaq Green
Master Mix, and 1 mM of each of both primers. For each PCR, approximately 10 ng
of template DNA was added to the 20 µl reaction. The PCR program was set with an
initial step of 94˚C for 150 sec, followed by 36 cycles of 94˚C for 30 sec, 45-49˚C for
60 sec, and 72˚C for 60 sec, with a final step of 72˚C for 10 min. Successful PCR
products were purified using Polyethylene Glycol PEG-precipitation, using a 1:1 PCR
product/20% PEG mixture which was incubated for 15 min at 37˚C, followed by two
rounds of a 5-min centrifugation at 13,000 x g and two washes with 80% cold ethanol
at the end of each round. Sequencing conditions were as described by Pilgrim & Pitts
(2006). All PCR products were sequenced in both directions with the amplification
primers. Final contigs were assembled and corrected using Sequencher 4.7 (Gene
Codes Corp. AnnArbor, MI) and Geneious Pro 4.7.6 and aligned using Geneious Pro
4.7.6.
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To amplify the nuclear gene LWRh we followed the same protocol for PCR,
sequencing and alignment described for COI. The annealing temperature used for
LWRh varied from 46˚ to 50˚C. We used PompOps1F 5’ATTCGACAGATACAACGTAATCG-3’ (Pilgrim et al., 2008) and LWRhR 5’ATATGGAGTCCANGCCATRAACCA-3’ (Mardulyn & Cameron, 1999) as
amplification and sequencing primers.
Taxon sampling
Morphological studies included all species ever identified as Priocnemella. All
possible holotypes were examined directly; for unavailable holotypes (Priocnemella
amabilis and Priocnemella micans), photographs, when available, were used for
comparison.
For the phylogenetic analyses, terminal taxa were selected based on Shimizu et al.
(2010), as well as preliminary molecular analyses including several genera of
Ageniellini (Waichert et al. unpublished data). We included sequence data from 41
specimens, of which 33 represented Priocnemella and eight represented other genera
of Ageniellini (Ageniella and Phanochilus). The ingroup included both sexes of
almost all recognized species of Priocnemella (Appendix S1), as well as many taxa
whose generic and specific affiliations were dubious. We selected Ageniella
sanguinolenta (Fox) arbitrarily to root the tree, as the exact branching relationships
among outgroup taxa have yet to be understood.
Species, sex, location, and GeneBank accession number of specimens included in
analyses are listed in Table 4.1.
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Phylogenetic analyses
The COI (601 bp) and LWRh (361 pb) data sets were analyzed separately with
Bayesian inference using MrBayes v3.2.1 (Ronquist & Huelsenbeck, 2003) to test for
gene tree discordance. We used BMGE (Block Mapping and Gathering with Entropy)
to assist with aligning LWRh, partially excluding introns but keeping some
variability. BMGE selects phylogenetic informative regions from multiple alignments
based on entropy values (Criscuolo & Gribaldo, 2010). Both data sets were run for
8,000,000 generations, with trees sampled every 1,000 generations. Convergence was
evaluated with Tracer v1.5 (Rambaut & Drummond, 2007). Burn-in was assessed
visually and the first 25% of the trees was discarded and the remaining used to build a
consensus tree and to estimate Bayesian posterior probabilities. The DNA substitution
model and the best-fit partitioning scheme were determined by PartitionFinder
(Lanfear et al., 2012). The mitochondrial COI was partitioned by codons: model
K81uf+I+G for positions 1 and 2, HKY+G for position 3. The nuclear gene LWRh
was also partitioned by codons: model HKY+I+G for positions 1 and 3, K80+G for
position 2. These models were coded in MrBayes as nst=6 rates=invgamma for the
first model, nst=2 rates=gamma for the second in COI. For LWRh we coded nst=2
rates=invgamma for codons 1 and 3 and nst=2 rates=gamma statefreqpr=fixed(equal)
for codon 2. Trees were assessed visually using FigTree v.1.3.1 (Andrew Rambaut,
Institute of Evolutionary Biology, University of Edinburgh, UK).
Nuclear and mitochondrial genes were also concatenated and analyzed as
combined data. The concatenated alignment was subjected to Bayesian analysis as
described for separate-gene analyses, except that K80+I+G was the best model for
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LWRh codons 1 and 2. It was modeled as nst=6 rates=invgamma. Parameters across
partitions were unlinked; Bayesian analysis ran for 10,000,000 generations, sampled
every 1,000 generations. The data matrix was also analyzed using maximum
likelihood (ML) in Garli (Genetic Algorithm for Rapid Likelihood Inference)
(Zwickl, 2006) under the same models and partitions. The consensus bootstrap trees
were summarized with SumTrees (Sukumaran & Holder, 2010) and visualized in
FigTree v.1.3.1 (Andrew Rambaut, Institute of Evolutionary Biology, University of
Edinburgh, U.K.).
Distance analyses
To access genetic variability within the genus, the genetic divergence between all
Eragenia samples was calculated for COI sequences. Mean pairwise distances
between and within clades and species was calculated using a K2P distance model in
MEGA (Molecular Evolutionary Genetics Analysis) version 5.2.2 (Tamura et al.,
2011). We constructed a frequency histogram of pairwise genetic distances in
Microsoft Excel.
Divergence time estimation and ancestral areas reconstruction
We used Beast 1.8 (Drummond et al., 2012) to estimate a chronogram under an
uncorrelated lognormal relaxed clock model (Drummond et al., 2006; Drummond &
Rambaut, 2007). The relaxed-clock analysis was conducted with reduced species
representatives to avoid biases due to uneven sampling. In cases where species
boundaries were not well established, more than one representative, if available, was
included. A specimen of Ageniella coronata Banks was included for additional
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calibration points. Substitution models were unlinked among partitions, and the
underlying clock and trees were linked. Each gene (COI and LWRh) was partitioned
into codon positions ((1+2), 3), with model SRD06 applied separately to each gene.
Three calibration points were used for the analysis; they were obtained from a larger
analysis including over 80 pompilid genera and four calibration points from reliable
fossil data (see chapter 3). We used the following clades to calibrate divergence time
estimation: 1) monophyly of all taxa was enforced and given a normal prior of
mean=17 Ma (LogSD=2.0); 2) monophyly of the clade Eragenia + Priocnemella +
Ageniella (excluding A. coronata) was enforced, with a normal prior of mean=15 Ma
(LogSD=2.0); 3) and monophyly of Priocnemella + Eragenia was enforced, with a
normal prior of mean=11 Ma (LogSD=2.0). Two separate Markov Chain Monte
Carlo (MCMC) searches were performed for 50,000,000 generations, sampled every
1,000 generations. Effective sample sizes (ESS) and chain convergence were
examined graphically in Tracer 1.5. Independent runs were assembled with
LogCombiner 1.7.5. Twenty-five percent of generations was discarded as burn–in.
To reconstruct the ancestral distribution of Eragenia, we used Bayesian Binary
MCMC analysis (BBM) implemented in RASP (Yu et al., 2012). The current
distribution was divided into three areas: A (Nearctic), B (Mesoamerica), and C
(South America). We used the chronogram resulted from the relaxed-clock analysis to
calculate ancestral ranges at each node. The MCMC chains were run simultaneously
for 5,000,000 generations. The chains were sampled every 100 generations. Fixed
JC+G (Jukes-Cantor+Gamma) was used for BBM analysis with null root distribution.
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Results
Phylogenetic analyses
Phylogenies reconstructed using combined data under ML and Bayesian (Fig. 4.1)
methods showed similar topologies. Both types of analyses recovered all Ageniellini
genera included as paraphyletic (Ageniella, Phanochilus, Priocnemella). Species of
Priocnemella formed two well-supported clades. One nested within Phanochilus
(posterior probablility (PP)=1, bootstrap (BS)=100), composed of (Pr. eurytheme
Banks + Ph. nobilitatus (Smith) + Pr. fairchildi (Banks)) + (Ph. ornatus Banks + Ph.
fuscomarginatus (Fox)) (clade A, Fig. 4.1). The second Priocnemella clade was sister
to three Ageniella species (PP=0.95, BS=100). This clade included the majority of the
Priocnemella species and the newly described ones (PP=0.97, BS=51) (clade B, Fig.
4.1), and comprised species with small to medium body size and variable coloration.
Although this group was supported by our phylogenetic analyses, most of the
intraspecific relationships within it remained unclear, reconstructed with low support.
A long-branched clade was recovered in both phylogenetic analyses, consisting of (E.
oliva + E. dentata) (PP=1, BS=100) (Fig. 4.2). However, the position of this lineage
was not well supported and varied by analytical method.
The topologies obtained from single-gene reconstructions agreed with results of
the combined data, with respect to the well-supported clades. The COI topology
supported the Eragenia clade, with (E. oliva + E. dentata) sister to the remaining taxa
(not shown). Although the LWRh tree also agreed with the well-supported aspects of
the combined topology, it did not inform any relationships among the ingroup taxa
(not shown).
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Distance analysis
Pairwise COI distances between species of Priocnemella ranged from 10.5–
11.5% (K2P distance). Within the species included in clade B, the pairwise intraspecific mean differences ranged from 0.8–2.9%. The most genetically variable
species were Pr. isolata (5.85% mean intraspecific distance) and E. oliva (4.59%
mean intraspecific distance) (Fig. 4.2). Eragenia oliva and E. dentata were the most
genetically distant species, differing 11.6–15.2% from the other species included in
the major Priocnemella clade.
Divergence time estimation and ancestral areas reconstruction
The chronogram estimated from the clock-constrained analysis resulted in the
same well-supported lineages as in the unconstrained Bayesian and ML analyses.
Priocnemella and Phanochilus shared a common ancestor ~11.1 Ma ago (9.4–12.7
Ma, 95%HPD) (Fig. 4.3). Most Priocnemella lineages (clade B, Fig. 4.3) radiated
during the Miocene, about 9.8 Ma ago (7.9–11.6, 95%HPD) and the largest clade
within it (clade C, Fig. 4.3) radiated 8.4 Ma (6.7–10.3 Ma, 95%HPD). The clade (E.
oliva + E. dentata) was sister to the other Eragenia, as in the Bayesian approach; its
crown lineage is 4.4 Ma (2.5–6.5 Ma, 95%HPD).
Ancestral range analyses indicated an ambiguous ancestral area for the
Priocnemella + Phanochilus + (Ageniella sanguinolenta + A. sp.) clade. However, a
Mesoamerican ancestral area was more likely than other areas. Clade B had a
Mesoamerican origin, followed by three independent dispersal events to South
America (Fig. 4.3). One event occurred around 6 Ma ago, at the end of Miocene, and
included the ancestor of Pr. isolata + Pr. setosa + Pr. tabascoensis + Pr. micans + E.
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bella. The second dispersal event to South America was around 3 Ma ago during the
early Pleistocene, by an ancestor of Pr. amabilis. Finally, the last dispersal event took
place around 1.3 Ma ago during the Pleistocene, by an ancestor of Salius congruus. In
opposition to these southward dispersals, the ancestor of Pr. fairchildi dispersed north
to Mesoamerica from South America, during the Pleistocene (~1.6 Ma).
Taxonomy
Based on the molecular phylogeny, and supported by morphology (discussed
below), Priocnemella should be split into two genera, Priocnemella and Eragenia.
The type species of Priocnemella is Pr. insignis (Banks) and it should retain the
Priocnemella generic designation. Pr. insignis, Pr. eurytheme, Pr. fairchildi, Pr.
hexagona (Fox), and Pr. hexagona omissa should remain as representatives of
Priocnemella. Phanochilus should be considered a junior synonym of Priocnemella,
and the following species are transferred to Priocnemella: Pr. fuscomarginata (Fox),
Pr. gloriosa (Smith), Pr. nobilitata (Smith), and Pr. ornata (Banks). The remaining
species form a well-supported, monophyletic group with distinctive morphological
synapomorphies. We reestablish this group as Eragenia (Table 4.2), as formerly
erected by Banks (1946). Below, we revise and discuss the current species of
Eragenia. Priocnemella will be revised elsewhere.
Eragenia Banks, stat. resurr.
Eragenia Banks, 1946: 421. Type species Eragenia infelix Banks, 1946 by
original designation (=Agenia aureicornis Smith, 1873). Synonymized under
Priocnemella Banks, 1925 by Townes, 1957: 219.
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Cosmagenia Haupt, 1959: 28. Type species Agenia amabilis Taschenberg, 1869
by original designation. Synonymized under Priocnemella Banks, 1925 by Evans,
1973: 214.

Diagnosis. Eragenia species are small-to-medium sized wasps (7-15 mm) defined
by the following combination of characters: the body is slender and petiolate (Figs
4.4; 4.5; 4.7); the clypeus is short, usually trapezoidal (Fig. 4.6); the flagellomeres are
light brown, orange, or yellow; the dorsal edge of the hind tibia is angulate and
weakly spinose; the legs usually have purple reflections; and the wings are hyaline,
translucent, or yellow, bearing one or two dark bands (Fig. 4.8). Additionally, females
have the front tibia with an apical curved spine and, in frontal view, the mandibles,
when closed, are withdrawn almost completely beneath the clypeus (Fig. 4.6); the
males have the propodeum flat; the tibial spurs in the mid and fore tibia are whitish;
and the male genitalia has the parameres and the base of digitus densely covered by
erect setae (Fig. 4.9).

Distribution. From southern Texas (USA) to southernmost South America.

Behavioral biology. Few behavioral records have been reported for Eragenia.
Females of Eragenia show plasticity in the pattern of amputation of all or some of the
prey’s legs, typical of Ageniellini wasps (Kimsey, 1980; Wilson & Pitts, 2007;
Carvalho-Filho et al., submitted). Three genera and three families of spiders have
been recorded as hosts of Eragenia, including Corinna sp. (Corinnidae; host for E.
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congrua Fox, Carvalho-Filho et al., submitted), Acanthoctenus sp. (Ctenidae; host for
E. micans, Kimsey, 1980), and Tinus sp. (Pisauridae; host for E. sp., probably either
E. oliva or E. dentata sp.n., Wilson & Pitts, 2007).

Remarks. This is the first time that males of Eragenia are distinguished from other
Ageniellini genera with genitalic characters. Although recognizable at the generic
level, inter-specific variation in genitalic characters is subtle and should be used in
combination with other characters. Other features such as male subgenital plate, wing
venation, antennae, and clypeus present helpful characters for diagnosing species.

Key to the species of Eragenia
Females (Females of E. rotunda are unknown.)
1 Head, mesosoma, and metasoma reddish-orange (Fig. 4.4H)… Eragenia
tabascoensis (Cameron)
- Head, mesosoma, and metasoma of other color combinations; if metasoma red, then
head and mesosoma of different color… 2
2 Pygidium with a transverse carina; clypeus with apical margin sinuous; fore wing
with cell 3Rs about 2X as long as 2Rs (Fig. 4.4D)… Eragenia carinata sp.n.
- Pygidium without a transverse carina; clypeus various; fore wing with cell 3Rs
various… 3
3 Mesosoma black; metasoma reddish-orange (Figs 4.4J, N)… 4
- Mesosoma and metasoma of other color combinations… 5
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4 Small species, 5-7.6 mm; clypeus short and trapezoidal, usually light brown
apically (Fig. 4.6I); fore wing with cell 3Rs small, less than 2X as long as 2Rs (Fig.
4.8E)… Eragenia isolata (Banks)
- Medium to large species,~11 mm; clypeus large and trapezoidal, always entirely
black (Fig. 4.6G); fore wing with cell 3Rs long, angulate, about 3X as long as 2Rs
(Figs 4.4N, 4.8A)… Eragenia abdominalis (Smith)
5 Mesosoma red, or red and black or brown; metasoma and head with bluish
reflections; legs with bluish-purple reflections (Fig. 4.5)… 6
- Mesosoma black with or without green or blue reflections; metasoma black with or
without golden pubescence; when metasoma with bluish reflections, mesosoma
never red… 8
6 Apical-glabrous margin of clypeus broad (Fig. 4.6D); head with blue reflections;
fore wing translucent with cell 3Rs large, about 2.5-3X as long as 2Rs (Fig.
4.5G)… Eragenia micans (Fabricius)
- Apical-glabrous margin of clypeus thin (Figs 4.6A, Z); head usually without blue
reflections, but some specimens with weak bluish reflections; fore wing yellowish
or translucent with cell 3Rs small, less than 2X as long as 2Rs … 7
7 Mesosoma entirely red (Fig. 4.5F); fore wing translucent with two dark bands; fore
wing with cell 3Rs 1.7X as long as 2Rs, both cells almost the same height (Fig.
4.8J); Central American… Eragenia pseudomicans sp.n.
- Mesosoma not entirely red (Figs 4.5A, B); fore wing faint or strongly yellowish
with one or two dark bands; fore wing with cell 3Rs 2.2X as long as 2Rs, 3Rs
distally extended (Fig. 4.8B); South American… Eragenia amabilis (Taschenberg)
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8 Apical margin of clypeus with distinct median tooth, apical margin usually slightly
lighter than remaining clypeus (Fig. 4.6E); integument with strong bluish metallic
reflections (Fig. 4.4L); fore wing with cell 3Rs about 2X as long as 2Rs (Fig.
4.8C)… Eragenia aureicornis (Smith)
- Apical margin of clypeus lacking median tooth, apical margin variable in color;
integument of different color combination; fore wing with cell 3Rs various… 9
9 Integument black, usually with greenish reflections; dense golden pubescence
covering pronotum, scutum, and scutellum (Fig. 4.7)… 10
- Integument black, with weak bluish reflections; without golden pubescence… 14
10 Body covered by erect, long setae (Figs 4.7D, G); apical margin of clypeus
glabrous, swollen (Fig. 4.6L); fore wing with cell 2Rs small, 1.5X as wide as long,
tCu1 inclined (Fig. 4.8H)… Eragenia setosa sp.n.
- Body lacking long and erect setae; apical margin of clypeus sometime glabrous but
never swollen; wing venation various… 11
11 Apical margin of clypeus sinuous or with median tooth (Figs 4.6P, V)… 12
- Apical margin of clypeus straight, without median tooth (Figs 4.6O, U)… 13
12 Apical margin of clypeus almost straight, with median tooth (Fig. 4.6P); fore wing
with cell 2Rs short, about 0.5X as long as 3Rs; fore wing with two distinct dark
bands, apex darkened (Fig. 4.8F)… Eragenia oliva sp.n.
- Apical margin of clypeus sinuous, without median tooth (Fig. 4.6V); fore wing with
cell 2Rs long, about 0.7X as long as 3Rs; fore wing with one distinct dark band,
apex darkened (Fig. 4.8M)… Eragenia dentata sp.n.
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13 Fore wing with cell 3Rs about 2X as long as 2Rs, both cells about the same height;
body length 11-12 mm (Fig. 4.7C)… Eragenia coerulipes (Smith)
- Fore wing with cell 3Rs more than 2X as long as 2Rs, 3Rs cell distally extanded;
body length ~8.5 mm (Fig. 4.7E)… Eragenia bella sp.n.
14 Integument black without blue metallic reflections; propodeum flat (Fig. 4.4C);
South American… Eragenia congrua (Fox)
- Integument black with blue metallic reflections (Fig. 4.4A); propodeum rounded
(Fig. 4.4A); Central American… Eragenia villosa sp.n.

Males (Males of E. carinata, E. coerulipes and E. setosa are unknown.)
1 Head, mesosoma, and metasoma reddish-orange (Fig. 4.4I)… Eragenia
tabascoensis (Cameron)
- Head, mesosoma, and metasoma of other color combinations; if metasoma red, then
head and mesosoma of different color… 2
2 Mesosoma black, metasoma reddish-orange (Figs 4.4F, K)… 3
- Mesosoma and metasoma of different color combination… 4
3 Small species, 4.5-6.5 mm; subgenital plate triangular, not constricted medially,
with bifid median carina that is expanded in lateral view (Figs 4.10I, J); fore wing
with cell 3Rs small, less than 2X as long as 2Rs (Figs 4.4K, 4.8E)… Eragenia
isolata (Banks)
- Medium to large species, 8-10 mm; subgenital plate constricted medially, without
expansion seen in lateral view (Fig. 4.10G); fore wing with cell 3Rs long, angulate,
more than 2X as long as 2Rs (Figs 4.4F; 4.8A)… Eragenia abdominalis (Smith)
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4 Mesosoma red, or partially red; metasoma and head with bluish metallic reflections;
legs with bluish-purple reflections (Fig. 4.5)… 5
- Mesosoma black (sometimes with strong green or blue reflections); metasoma black
with or without golden pubescence, when metasoma with bluish reflections, then
mesosoma never red… 7
5 Head without blue metallic reflections (sometimes with faint blue metallic
reflections); apical margin of clypeus almost straight (Figs 4.6B, AB); subgenital
plate constricted medially (Fig. 4.10E); paramere long, lanceolate, without lateral
expansions (Figs 4.9B, N)… 6
- Head with blue metallic reflections; apical margin of clypeus convex (Fig. 4.6C);
subgenital plate wide throughout (Fig. 4.10F); paramere short, with two lateral
expansions (Figs 4.9A, M)… Eragenia micans (Fabricius)
6 Mesosoma entirelly red; fore wing translucent with two dark bands; fore wing with
cell 3Rs 1.7X as long as 2Rs, both cells almost the same height (Fig. 4.8J); Central
American… Eragenia pseudomicans sp.n.
- Mesosoma not entirely red; fore wing faint or strongly yellowish with one or two
dark bands; fore wing with cell 3Rs 2.2X as long as 2Rs, 3Rs distally extended
(Fig. 4.8B); South American… Eragenia amabilis (Taschenberg)
7 Integument black without bluish reflections (in E. bella with olive green
reflections); subgenital plate never constricted medially (Figs 4.10H, K, M)… 8
- Integument black with bluish reflections; subgenital plate constricted medially (Figs
4.10B-D)… 9
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8 Clypeus turned inwards appearing trilobed (Figs 4.6R, Y); integument black
without olive green reflections; without golden pubescence covering mesosoma
and/or metasoma (Figs 4.4E, G)… 10
- Clypeus trapezoidal, without trilobed appearance (Fig. 4.6Q); integument with olive
green reflections; with golden pubescence covering mesosoma and/or metasoma
(Figs 4.6U; 4.7U)… Eragenia bella sp.n.
9 Apex of paramere lanceolate; setae on base of digitus sparsed; aedeagus with bifid
rounded apex… Eragenia oliva sp.n.
- Apex of paramere with the ventral face straight and the dorsal face widely arched;
setae on base of digitus a tuft; aedeagus with sharpened apex (Figs 4.9J, V)…
Eragenia dentata sp.n.
10 Integument black without blue metallic reflections (Fig. 4.4G); subgenital plate
with lateral expansions along constricted median portion (Fig. 4.10C); South
American… Eragenia congrua (Fox)
- Integument black with blue metallic reflections (Fig. 4.4E); subgenital plate without
lateral expansions along constricted median portion (Fig. 4.10B); Central
American… Eragenia villosa sp.n.

Eragenia amabilis (Taschenberg)

Agenia amabilis Taschenberg, 1869: 45. [Holotype: ♂ BRAZIL (MLUH?)]. (Syn.
Evans, 1973)
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Salius (Priocnemis) adonis Schrottky, 1903: 40. [Holotype: ♀ BRAZIL, São
Paulo (Lost?)]. (Syn. Haupt, 1959)
Ageniella amoena Banks, 1946: 423. [Holotype: ♀ BRAZIL, Santa Catarina
(MCZ)]. (Syn. Evans, 1973)
Ageniella caloptera Banks, 1945: 118. [Holotype: ♀ COLOMBIA, Vista Nieve
(MCZ)]. New synonym.

Diagnosis (Figs 4.5A-C; 4.6A, B; 4.8B; 4.9B, N; 4.10E). The integument is black
with greenish-blue reflections, except the metanotum and propodeum that are
reddish-orange without reflections, the male has the last metasomal tergum whitish
(Figs 4.5A-C); the antenna is brown with the apical five flagellomeres yellow; the
clypeus is flat, trapezoidal, with apical margin straight in females (Fig. 4.6A) and
slightly convex in males (Fig. 4.6B); the fore and hind wings are yellow or
translucent; the fore wing has one or two dark bands, one covering R, 1M, and 1Cu2Rs cells, and the other band covering partially 2R 1,1Rs-2Rs, and 2M cells (Fig.
4.8B); 1Rs less than 0.5X 2Rs total length; 2Rs is somewhat squared in shape and its
length is 2X 3Rs length (Fig. 4.8B).

Distribution. Brazil and Colombia, and new records for Bolivia, Ecuador, and
Trinidad.

Variation. This species displays considerable variation in the color pattern. In
some individuals the mesosoma is amost entirely red and the metasoma is black with
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bluish reflections; in other individuals only the pronotum and/or scutum are black.
The wing coloration varies from yellow to translucent, with one or two dark bands in
the forewing. We observed that southern specimens tend to have translucent wings
and northern individuals have yellow coloration. However, more investigations are
needed to confirm this population-level variation. Moreover, the black spots on the
mesosoma are irregular in shape or presence/absence. Also, the antennae can be fully
reddish-orange instead of only some segments and the apical segment can be pale in
some individuals. Additionally, male subgenital plate sometimes has the apex
elongate and parameres sometimes wider medially, while at other times the plate is
short and the parameres are thin. Finally, a fully melanic form was observed, in which
specimens are all black with yellow wing and one dark band. Although the red
coloration is missing, these specimens match on wing venation and male genitalic
characters. Five black specimens were recorded from Venezuela and one from Brazil.

Remarks. Priocnemella caloptera is synonymized with Eragenia amabilis based
on morphology. The types differ by the pattern of dark bands on the forewing: E.
amabilis has two dark bands while Pr. caloptera has one, with the apex more
conspicuously darkened. Although Pr. caloptera lacks the dark band, the wing
venation is similar to E. amabilis. This species is morphologically similar to the
widely distributed E. micans but differs by having the 3Rs cell smaller, about 2X as
long as 2Rs, whereas E. micans has the 2Rs cell small and 3Rs large, about 3X as
long as 2Rs. Males are more easily distinguished between these species. In E. micans,
males display faces with metallic blue reflections and have clypeus convex and
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covered with dense silver setae. The subgenital plate in E. micans is large and tonguelike, whereas in E. amabilis it is constricted medially with the apex lanceolate (Figs
4.9A, B, N, M; 4.10E, F). Additionally, females of E. micans are distinguished from
E. amabilis by having the face with metallic bluish-green reflections and clypeus with
wide glabrous apical margin, which is narrow in E. amabilis. Females of E. amabilis
have the face black with blue reflections on the vertex, but never as shiny and
metallic as in E. micans. Finally, E. amabilis is morphologically similar to E.
pseudomicans, see discussion on E. pseudomicans section.

Eragenia micans (Fabricius), new combination

Pompilus micans Fabricius, 1804: 23. [Lectotype: “AMERICA MERIDIONAL”
(ZMUC). Designated by Dahlbom, 1845: 2].
Pseudagenia pulchricornis Cameron, 1912: 425. [Holotype: ♀ BRITISH
GUIANA (BMNH)]. New synonym.
Ageniella rufothorax Banks, 1925: 331. [Holotype: ♀ PANAMA, Canal Zone
(MZC)]. New synonym.

Diagnosis (Figs 4.5D, E; 4.6C, D; 4.8G; 4.9A, M; 4.10F). The integument is dark
brown with greenish-blue metallic reflections, except on mesosoma which is reddishorange without reflections (Figs 4.5D, E); the antenna is brown, the last 5-6 segments
are yellow in females, whereas segments 9-11 are yellowish-white in males; the apex
of apical antennal segment is whitish; the fore and hind wings are translucent, the fore
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wing has two dark bands, one partially covers the cells R, 1M, 1Cu-2Rs, and A, and
the other band partially covers 2R1, 2Rs-3Rs, and 2M cells (Fig. 4.8G); 1Rs is about
3X 2Rs total length; and 3Rs is long, about 3X as long as 2Rs (Fig. 4.8G).
Additionally, the male has strong bluish-green metallic integument; the clypeus is flat
covered with white pubescence, the apical margin is straight in females and convex in
males (Figs 4.6C, D).

Variation. Although E. micans is a widespread species, morphological variation is
limited. Individuals vary in size – large to medium – and in coloration, with some
reflecting strongly metallic coloration and others being brownish. Additionally, some
male specimens have the subgenital plate very large and almost rounded, with only a
small sharp tooth on the apical margin of the subgenital plate; whereas other
specimens have the subgenital plate lanceolate. Moreover, certain males have the
clypeus convex and arched, appearing narrow. Finally, in some males, the 3Rs cell is
shorter, about 2X as long as 2Rs.

Distribution. Costa Rica to Southern Brazil.

Behavioral biology. Kimsey (1980) observed a female of E. micans carrying a
spider in the leaf litter of a forest in Panama. The prey was identified as
Acanthoctenus sp. (Acantoctenidae) and it had all legs present. We report an adult
Zoridae with all the legs amputated pinned along with a female E. micans from
Venezuela.
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Remarks. Despite similar color pattern, E. micans differs from E. amabilis by
having the mesosoma fully red and the wings hyaline, and from E. pseudomicans by
having the cell 3Rs long, about 3X as long as 2Rs, whereas in E. pseudomicans 3Rs is
never more than 2X as long as 2Rs. The legs are more spinose and the metallic
reflections on E. micans are stronger than in both species; the cell 2Rs is also larger in
E. micans. The nomenclatural history of this species is confused, but E. micans is the
same as Pseudagenia pulchricornis based on description and identification key.
Banks (1946, p. 425) suggested the possibility of P. pulchricornis being Pompilus
micans, but he did not synonymize the two: “I consider that pulchricornis Cameron is
probably the same species.” We have found specimens in collections identified both
as P. micans and P. rufothorax. As we are unaware of an authorship and year of an
official synonym, we formalize it herein.

Eragenia aureicornis (Smith), new combination

Agenia aureicornis Smith, 1873: 449. [Holotype: ♀ BRAZIL, Pará (BMNH)].
Ageniella delila Banks, 1944: 108. [Holotype: ♀ BRITISH GUIANA, Katarbo
(MZC)]. New synonym.
Ageniella bequaerti Banks, 1945: 116. [Holotype: ♀ COLOMBIA, Boyacá
(MZC)]. New synonym.
Eragenia infelix Banks, 1946: 421. [Holotype: ♀ ARGENTINA, Iguazu Falls
(CUIC)]. New synonym.
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Diagnosis (Figs 4.4L; 4.6E; 4.8C). The integument is black with blue reflections,
except mesonotum with greenish-blue reflections (Fig. 4.4L); the antenna is brown
dorsally and yellowish ventrally, segments 7-12 are entirely yellow; the clypeus is flat
with the apical margin sinuate and a median apical tooth (Fig. 4.6E); the fore and
hind wings are hyaline, the fore wing has two dark bands, one partially covers cells R,
1Rs, 1M, 1Cu-2Rs, and A, the other band partially covers cells 2R1, 1Rs-3Rs, and
2M (Fig. 4.8C); and 1Rs 3X longer than wider, 2Rs about 3X 1Rs total length.

Variation. A continuous variation on the apical margin of the clypeus is observed.
Individuals of E. aureicornis have the apical margin sinuate with two small lobes and
a median extension; whereas others have a small median tooth and less pronounced
sinuosity. Moreover, the cell 1Rs varies by being longer or shorter and some
specimens have different coloration beneath antennae. It seems that specimens
collected more recently exhibit purplish-blue reflections on legs.

Distribution. Argentina, Brazil, British Guiana, and Colombia and new record
from Bolivia, Costa Rica, Ecuador, French Guiana, Peru, Trinidad.

Remarks. This species is characterized by having the body covered with silver
pubescence, which is more abundant in some areas, giving a silver appearance to the
specimen. Eragenia aureicornis are usually small species with apical margin of
clypeus yellowish. The type Ageniella delila is badly preserved and covered by
fungus, with broken appendages, and it has lost the metallic reflections. Even so, we
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can still observe similarities on wing venation and body structure, such as having the
clypeus flat with a small apical tooth, which justifies the synonym. Historically, E.
congrua has been mistakenly identified as E. aureicornis (see Eragenia congrua
section).

Eragenia abdominalis (Smith), new combination

Agenia abdominalis Smith, 1864: 265. [Holotype: ♀ BRAZIL (BMNH)].

Diagnosis (Figs 4.4F, N; 4.6F, G; 4.8A; 4.9D, P; 4.10G). It is relatively large
species; the integument is black except the metasoma, which is reddish-orange; the
legs have purplish reflections (Figs 4.4F, N); the antenna is dark brown dorsally and
yellowish ventrally, segments 8-11 are yellowish; the clypeus is trapezoidal, almost
flat, with the apical margin invaginate in males and slightly sinuous in females (Figs
4.6F, G); the pubescence is cupreous; the pronotum, the median portion of
metanotum, and the propodeal declivity have scale-like pubescence golden-silvery;
the fore and hind wings are translucent; the fore wing has two dark bands, one
partially covers cells R, 1Rs, 1Cu-2Rs, and A, the other band partially covers 2R1,
2Rs-3Rs, and 2M; 1Rs 0.22X as wide as long, about 3.28X 2Rs total length (Fig.
4.8A); and the cell 3Rs is about 3X 2Rs total length.

Variation. Variation is present in the fore wing, which has the darkened bands
almost inconspicuous or dark. Also, the pubescence on the body varies in abundance,
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while some individuals have the pronotum and mesonotum covered by scale-like
pubescence, others have pubescence confined to the distal margins.

Distribution. Brazil and new record from Peru.

Remarks. This species is morphologically similiar to E. isolata (Banks). They
differ in size, shape and color of clypeus, and wing venation. Eragenia abdominalis is
a large species – when compared with other species of Eragenia – whereas E. isolata
is small. The clypeus in E. abdominalis is trapezoidal, large in females and
invaginated in males; the clypeus in E. isolata is short and almost flat in both sexes.
Although two phenotypes are recognized in E. isolata, the clypeus in E. abdominalis
is always black, while in E. isolata it can be entirely yellowish, with apical margin
pale brown, or black. Finally, the ratio and shape of cells 3Rs and 2Rs vary: 3Rs cell
is large and angulated, about 3X the size of 2Rs in E. abdominalis, whereas in E.
isolata 3Rs is small, less than 2X as long as 2Rs.

Eragenia isolata (Banks), new combination

Ageniella isolata Banks, 1925: 332. [Holotype: ♀ PANAMA, Barro Colorado
(MCZ)].

Diagnosis (Figs 4.4J, K; 4.6H, I; 4.8E; 4.9G, S; 4.10I, J). This species can be
recognized by the following unique combination of characters: the integument is
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black, except metasoma, clypeus, mandible and undersides of antenna that are
reddish-orange, the fore tibia and tarsi are yellowish (Figs 4.4J, K); the clypeus is
trapezoidal with the apical margin glabrous and slightly sinuous in females (Figs
4.6H, I); the fore and hind wings are hyaline, the fore wing has two dark bands, one
partially covers cells R, 1M, 1Cu-2Rs, and A, the other band partially covers cells
2R1, 1Rs-2Rs, and 2M; the 1Rs cell is as wide as long, about 0.5X 2Rs total length;
and the 3Rs cell is short, less than 2X as long as 2Rs (Fig. 4.8E).

Variation. Color variation is frequent in this species, mostly on clypeus, antennae,
and metasoma. Some specimens are darker with clypeus black basally, and legs dark;
while some individuals have clypeus almost entirely pale brown and tibia and
tarsomeres yellowish. The antennal joint of segments 4, 5, and 6 is brown or entire
black. Additionally, some females have metallic blue reflections on the integument,
whereas males have the metasoma dark, lacking the usual bright color. Even when
entirely black, males have the front tibia and tarsi pale brown.

Distribution. Panama and first record for Brazil, Colombia, Costa Rica, Ecuador,
French Guiana, Trinidad, and Venezuela.

Remarks. This species is morphologically similar to E. abdominalis. They differ
by the characteristics listed above (see Eragenia isolata section). Additionally, E.
isolata is small and has bright coloration, whereas E. abdominalis is large and has
dull colors. Two morphotypes are recognized: 1) with bright orange metasoma and
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pale brown clypeus that is more common in Central America and northern South
America; and 2) with a dull orange metasoma and only the apical margin of clypeus
pale brown that is more common in South America.

Eragenia congrua (Fox), new combination

Salius congruus Fox, 1897: 270. [Holotype: ♀ BRAZIL, Santarém (CMNH)].

Diagnosis (Figs 4.4C, G; 4.6J, K; 4.9F, R; 4.10C). The integument is black (Figs
4.4C, G); the antennal segments are brown until segment 6 or 7, which are yellowish;
in males segments 11-13 are black, in females segment 12 is dark apically; the
clypeus is trapezoidal, the apical margin is glabrous and straight (Figs 4.6J, K); the
inferior margin of mesonotum and the propodeal declivity have white scale-like
pubescence; the fore and hind wings are hyaline, the fore wing has two dark bands,
one partially covers cells R, 1M, 1Cu-2Rs, and A, the other band covers half of cell
2R1, entire 2Rs, and partially 3Rs cells, and 2M-3M; the 2Rs cell almost as wide as
long, 1Rs about 0.4X 2Rs total length; and the 3Rs cell is short, about 0.6X as long as
2Rs (Fig. 4.8D).

Variation. Faint purplish reflections are present or inconspicuous. The clypeus is
variable presenting the anterior margin slightly sinuate or more or less turned inward;
fully or partially black, lacking a polished edge. The body shape and size are also
variable: E. congrua specimens are mostly medium in size but small individuals are
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reported; moreover, the metasoma can be narrow or stout. Finally, variation among
males includes the antennae darker than described above; the subgenital plate with
apex long and lanceolate, in others the base is almost angulate and the apex is short.

Distribution. Brazil, new record for Colombia, Ecuador, French Guiana, Peru, and
Venezuela.

Remarks. To our knowledge, this name had been forgotten and has not been
mentioned in the recent literature (Fernández, 2000; Rasmussen & Ansejo, 2009).
During a visit to the Carnegie collection, the type of E. congrua, along with other
types described by Fox, were found and studied. Historically, specimens of E.
congrua have been misidentified as E. delila (junior synonym of E. aureicornis).
Eragenia congrua differs from E. aureicornis by lacking a median tooth on the
clypeus, which is black without apical margin yellowish orange. Individuals of E.
congrua are usually of medium size and the color of the integument is black, with
purplish reflections on legs; while E. aureicornis have the integument greenish-blue.
The last two antennal segments are usually brown in E. aureicornis and yellow in E.
congrua. Additionally, E. aureicornis has the mesosternum appearing convex when
viewed laterally, while in E. congrua the mesosterum is flat.

Eragenia tabascoensis (Cameron), new combination
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Pseudagenia tabascoensis Cameron, 1891: 163. [Holotype: ♂ [MEXICO],
Tabasco (BMNH)]. [Destroyed in shipment]. Neotype designated here: ♂ MEXICO:
Veracruz, Est. Biologia Los Tuxtlas, 18˚05.107’N 95˚04.506’W, FITMT, 1112.v.2011J. Rodriguez & K.A. Williams col. (BMNH).
Ageniella rufula Banks, 1945: 117. [Holotype: ♀ COLOMBIA, San Lorenzo
(MCZ)]. (Syn. by Townes, 1957).

Diagnosis (Figs 4.4H, I; 4.6M, N; 4.8I; 4.9I, U; 4.10A). The integument and
antennae are reddish-orange (Figs 4.4H, I); the antennae have segments 10-11 brown;
the clypeus is short, flat, and trapezoidal, the apical margin is concave in males and
straight in females (Figs 4.6M, N); the fore and hind wings are translucent, the apex is
darkened; the fore wing has two faint dark bands, one expands over veins Rs, M, 1cua, the other band partially covers cells 2R1, 2Rs, 3Rs and 2M; the 1Rs is 1.6X longer
than wide, about 1.5X 2Rs total length; and the 3Rs is about 2X as long as 2Rs (Fig.
4.8I).

Variation. Specimens vary by the presence and the pattern of dark spots on the
integument. These black spots, when present, can be located on the ventrum, dorsum,
coxae, and/or metasoma. Moreover, silver reflections can be apparent due to the short
whitish pubescence, the wings are more hyaline in some specimens, while in others
they are faint yellow, the banding pattern in the fore wing is dark or faint in
specimens, and the propodeal disc can be striate or weakly striate. Finally, males vary
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by having the joints of legs and the apical portion of metasoma somewhat reddishbrown.

Distribution. Belize, Colombia, Costa Rica, Ecuador, Guatemala, Honduras,
Mexico, Nicaragua, and Southern Texas (USA) (Townes 1957).

Behavioral biology. We report a specimen from Costa Rica pinned along with a
dried up Zoridae spider with all legs amputated.

Remarks. This species seems to be abundant in Central America. For instance,
29% of individuals we recorded from Costa Rica are E. tabascoensis. Eragenia
tabascoenis has a broad distribution from Texas (USA) to Ecuador and can be
confused with Ageniella conflicta Banks because of the wing and integument
coloration, but the latter species lacks spines on the front tibia and the clypeus is
rounded medially. The mandibles do not extend from the bottom of the eyes in A.
conflicta as they do in E. tabascoensis, the pygidial area is fully setose in P.
tabascoensis, and the hind tibial brush is complete.

Eragenia coerulipes (Smith), new combination

Agenia coerulipes Smith, 1862: 397. [Holotype: ♀ MEXICO (BMNH)]
[Destroyed in shipment]. Neotype designated here: ♀ COSTA RICA: San Jose,
Ciudad Colon, 800 m, iii-iv.1990, Fournier & Hanson [col.] (BMNH).
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Diagnosis (Figs 4.6O; 4.7C). The integument is black; the pronotum, scutum,
scutellum, metanotum, mesopleuron, and metasoma have golden scale-like
pubescence (Fig. 4.7C); the propodeal declivity and latero-distal mesopleuron have
white scale-like pubescence; the clypeus is flat, trapezoidal, with apical margin
straight (Fig. 4.6O); the fore and hind wings are translucent; the fore wing has the
apex darkened and two dark bands, one expands from veins Rs, M, 1cu-a, and A; the
other band partially covers cells 2R1, 3Rs, and 2M, almost fully covers 2Rs; the 3Rs
is short, 1.9X as long as 2Rs; and the 1m-cu vein meets the 2Rs at about its distal half
(Fig. 4.7C). Only females of this species are known.

Variation. Specimens from Costa Rica vary from the holotype by having dense
golden scale-like pubescence on pronotum, scutum, and scutellum. Some Costa Rican
specimens also differ by having the pronotal disc pale brown instead of black, strong
blue reflections on the propodeal disc, and the antennae black with only the ventral
side yellow or pale brown. Perhaps there is more than one species, but further studies
are needed before this can be determined. Variation among specimens is continuous
and delimitation between putative morphospecies is unclear. Additionally, the wing
venation of all specimens is similar to the type specimen, and, for this reason, we
consider them a single species with substantial morphological variation. Other
variations between individuals include having antennal distal segments pale, while
others have pale color only ventrally.
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Distribution. Mexico, and first record for Colombia, Costa Rica, Guatemala and
Panama.

Remarks. The holotype lacks abundant pubescence on the propodeum, as
observed in some specimens from Costa Rica. Absence of abundant pubescence on
the holotype could be due to age and preservation of the specimen. The holotype,
although well preserved, might have lost some of the pubescence, which is still
present on the metasoma and metanotum (with some spots lacking it). Moreover, the
scutum has vestigial golden pubescence. The author who placed this taxon in
Priocnemella is unknown to us, and thus it is a new combination.

Eragenia oliva Waichert & Pitts, sp. n.
LSID:urn:lsid:zoobank.org:act:859FB578-04F8-44A9-8D55-CF5B93F32F73

Holotype, ♀ C[OSTA] Rica: Guanacaste, W. side Vol. Orosi, Estacion Maritza,
600 m, 1988. Allotype, ♂ COSTA RICA: San Jose Ciudad Color, 800 m, Fournier &
Hanson [col.], iii-iv.1990 (MW).

Diagnosis (Figs 4.4M; 4.6P, R; 4.7A, F, M; 4.8F; 4.9C, O; 4.10H). The
integument is black with green reflections, covered by scale-like golden pubescence,
abundant on pronotum, scutum, scutellum, metanotum, central-anterior margin of
propodeum, propodeal declivity, fore coxa, and metasoma (Figs 4.4M; 4.7A); the face
has blue reflections with white pubescence on clypeus and cupreous on vertex; the

214

	
  

antenna is brown; the clypeus is trapezoidal with an apical median tooth in females
and invaginate in males, somewhat trilobed (Figs 4.6P, R); the fore and hind wings
are translucent, the fore wing has one dark band partially covering cells R, 1M, 2Rs,
and A, and the apex darkened; the cell 2Rs is 2X as wide as long, cell 1Rs is about
3X 2Rs total length; and the 3Rs cell is somewhat triangular, about 1.6X as long as
2Rs (Fig. 4.8F).

Description. Holotype ♀. Body length 11.9 mm. Fore wing 10.1 mm; maximum
wing width 2.7 mm.

Coloration (Figs 4.7A, F). Head black with bluish reflections; antennae black
dorsally, brown ventrally; clypeus, palpi, mandibles, metanotum, propodeum,
pronotum black, distal margin of pronotum pale brown; scutum, scutellum black with
green reflections; metasoma brown with green reflections, pedicel pale brown; wings
translucent; fore wing with one dark band, apex darkened; veins brown, pale brown
on apex; leg black with purple reflections; pubescence silver on clypeus and inferior
face, cupreous on vertex; scale-like pubescence golden.
Head (Fig. 4.6P). Head wide; TFD 1.1X FD; MID 0.6X FD; punctation
inconspicuous. Pubescence appressed, scale-like pubescence on pronotum,
mesonotum, scutellum, postscutellum, anterior margin and declivity of propodeum.
Ocelli in nearly acute triangle; lateral ocelli slightly closer to each other than to
compound eyes; POL 0.9X OOL. Mandible narrow, wider at base, two sharpened
apical teeth. Clypeus trapezoid, flat; LC 0.5X WC; median clypeal projection present
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medially, tooth-like; anterior margin polished, larger medially. Beard with few, long
setae. Antennae elongate; length of fourth segment 3.7X its width; ratio of first four
antennal segments 9:3:10:11; WA3 0.3X LA3; LA3 0.8X UID.
Mesosoma (Figs 4.7F; 4.8F). Punctation inconspicuous; pubescence abundant,
appressed. Erect setae sparse and short, with few long setae on clypeus, pronotum,
propodeum, and metasoma. Pronotum not elongated, width approximately 3.4X
length; collar short, almost absent. Punctures on propodeum inconspicuous under
abundant setae; propodeal disc coarsely; declivity not abrupt, slightly curved. Wing
long, maximum width 0.3X length; length of marginal cell 1.4X distance from its end
to wing apex; third submarginal cell 1.6X longer than second submarginal; second
submarginal cell wide, 2.2X as wide as long; third submarginal cell somewhat
triangular aspect; second recurrent vein curved, meeting second submarginal cell
0.5X distance from base to apex of cell. Front, middle tibia with small, thick spines,
sparse; hind tibia with short thick spines, dorsal teeth short, arranged on rows, distal
edge angulate; tibial brush complete, thinner basally.
Metasoma. Metasoma pilose, polished; pygidium covered with short, erect
pubescence; metasoma 1.1X as long as mesosoma.

Allotype ♂. Body length 9.0 mm. Forewing 7.4 mm; maximum wing width 1.8
mm. Similar to female, except for:
Color. Mandibular palpi black, last three segments brown; maxillary palpi black;
antennae black dorsally, yellowish ventrally, segments 7–8 yellowish dorsally;
metasoma brown with margins pale brown.
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Head (Fig. 4.6R). Head about as long as wide. Clypeus centrally flat, lateral
margins folded downward, apical margin invaginated with trilobed aspect. Beard
absent. Ratio of the first four antennal segments 12:4:15:18; LA3 0.6X UID.
Mesosoma (Fig. 4.4M). Punctation barely conspicuous. Pronotum not elongated,
width approximately 1.0X length. Propodeal disc with declivity not abrupt, giving flat
appearance. Wing long, maximum width 0.3X total length; length of marginal cell
1.6X distance from its end to wing apex.
Metasoma. S5 with projection, somewhat curved, bent inwards.
Genitalia (Figs 4.9C, L; 4.10H). Parapenial lobe split; lobes finger-like, thin,
curved, their length 0.6X total genitalia length; apical lobe rounded, curved; width
constant along length. Digitus wide, arched, punctate; length 0.6X paramere length;
dorsal lobe longer than ventral lobe, apex scooped, rounded, with digitus-like lobes
laterally, turned inward, setae short, scarce; ventral lobe spatulate, short, punctate,
covered by long, erect, thick setae. Two basal hooklets, sharpened. Aedeagus tonguelike, almost as long as parapenial lobe; apex bifid, rounded constricted on apical 1/5.
Paramere short, length 0.6X total genitalia length; stout, base slightly narrower, two
rounded-small expansions on 0.3 of paramere length from base, angulate small
expansion on 0.6 of paramere length from base; apex lanceolate, large; setae long,
thick, covering all length, more abundant on apex. Subgenital plate with base short,
glabrous, trilobed; median lobe expanded; apex lanceolate, sharpened, long setae on
apex.
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Etymology. The specific epithet was taken from Latin, oliva, meaning “olive” in
English. It refers to the olive-green color of the specimens, mostly in females.

Variation. The median apical tooth present on the female clypeus varies by being
less conspicuous, almost like a bump rather than a well-distinguished tooth. The
golden coloration on the pronotum can be stronger than that observed on the type, or
pale brown; the scape can be brown or lighter, but veins are always brown. A second
faint dark band is usually present on the fore wing. The band can be bright in some
specimens.

Distribution. Belize, Costa Rica, and Mexico.

Behavioral biology. We report one specimen pinned with an immature Ctenidae
spider showing all legs intact.

Remarks. Eragenia oliva is morphologically close to E. coerulipes. E. oliva,
however, differs from E. coerulipes by having an apical small tooth on the apical
margin of the clypeus, which is straight in E. coerulipes. In addition, the fore wing in
E. oliva has the 2Rs cell about 0.5X the size of 3Rs cell that encloses a “triangular”
shape; whereas in E. coerulipes 2Rs appears larger because 3Rs is not expanded
apically. Additionally, E. oliva has the apex of the fore wing conspicuously darkened
and the veins are pale brown, while E. coerulipes has the apex slightly dark and the
veins brown. Eragenia oliva is also morphologically similar to its sister species E.
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dentata. The difference between these species is tenuous. The apical margin of
clypeus has median tooth in E. oliva whereas in E. dentata the margin is sinuous. The
fore wing also differs, in E. oliva the cell 2Rs is short, about 0.5X as long as 3Rs;
whereas in E. dentata 2Rs is long, about 0.7X as long as 3Rs.

Eragenia setosa Waichert & Pitts, sp.n.
LSID:urn:lsid:zoobank.org:act:38BBF9A3-2D3A-41E8-B1F0-47094C0F6BE0

Holotype, ♀ COSTA RICA: Guan., Finca Montezuma, 3 Km SE Rio Naranjo, 1015 Jun 92, F. Parker (EMUS).

Diagnosis (Figs 4.6L, 4.7D, G; 4.8H). The integument is black; the antennae,
clypeus, mandibles, and legs are brown; the apical tarsi and the apical margin of
clypeus are pale brown; the body is covered by scale-like golden pubescence and long
erect setae (Figs 4.7D, G); the clypeus is trapezoidal, flat, with the apical margin
slightly sinuous (Fig. 4.6L); the fore and hind wings are hyaline; the fore wing is
long, about as long as the total body length; it has two dark bands, one partially
covers cells R, 1M, 2Rs-1Cu, and A, the other covers 2R1, 2Rs, and 2M with faint
dark spot; the stigma is pale brown; cell 2Rs is small, 1.47X as wide as long, tCu1 is
inclined; and the 3Rs cell is 2X as long as 2Rs (Fig. 4.8H). Only females of this
species are known.
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Description. Holotype ♀. Body length 7.1 mm. Fore wing 6.6 mm; maximum
wing width 1.9 mm.
Coloration (Figs 4.7D, G). Head black; clypeus, mandible black, apical margins
pale brown; palpi brown; antennae brown dorsally, pale brown ventrally; mesosoma
black, anterior portion of pronotum and post-inferior margin pale brown; metasoma,
leg brown, apical tarsi pale brown; wing hyaline; fore wing with one dark band; cells
2R1, 2Rs, 2M with faint dark spot; wing venation brown basally, pale brown apically;
stigma pale brown; scale-like pubescence golden.
Head (Fig. 4.6L). Head wide; TFD 1.1X FD; MID 0.4X FD; punctation
conspicuous, small. Pubescence appressed; long erect setae covering integument.
Ocelli in acute triangle; lateral ocelli slightly closer to each other than to compound
eyes; POL 0.5X OOL. Mandible narrow, wider basally, two sharpened apical teeth,
basal-most larger. Clypeus trapezoid, flat; LC 0.6X WC; median clypeal projection
absent; anterior margin polished, slightly sinuous, swollen. Beard with few, long
setae. Antennae elongate; length of fourth segment 3.5X width; ratio of the first four
antennal segments 12:5:14:12; WA3 0.2X LA3; LA3 0.6X UID.
Mesosoma (Figs 4.7D, G; 4.8H). Punctation conspicuous, small; pubescence
abundant scale-like on pronotum, scutellum, metanotum. Erect setae abundant, long.
Pronotum not elongated, width approximately 2.8X length; collar short, almost
absent. Punctation on propodeum conspicuous; propodeal disc setose, long erect setae
abundant on disc declivity, propodeal disc coarse; declivity not abrupt, giving flat
appearance. Wing long, maximum width 0.2X length; length of marginal cell 1.5X
distance from its end to wing apex; third submarginal cell 1.7X longer than second
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submarginal; second submarginal cell wide, 1.7X as wide as long; third submarginal
cell somewhat triangular; second recurrent vein slightly curved, meeting second
submarginal cell 0.3X distance from base to apex of cell. Front, middle tibia smooth;
hind tibia smooth, distal edge angulate; tibial brush complete, thinner basally.
Metasoma. Metasoma pilose, polished; pygidium with long, thick setae; sterna
with sparse setae, long; metasoma as long as mesosoma.

Variation. Some specimens are darker, with dark spots and wing bands almost
black.

Etymology. The specific epithet was taken from Latin, setosa, meaning “bristly”
in English. It refers to the long erect setae that cover specimens.

Distribution. Costa Rica.

Remarks. This species is morphologically similar to E. oliva, E. bella, E. dentata,
and E. coerulipes by the body color and wing-banding pattern. These species have
golden scale-like pubescence and somewhat green coloration; the fore wings are
hyaline with dark bands. Moreover, they are sympatric. Eragenia setosa, however,
differs from these and all other described Eragenia species by having long, erect setae
covering the entire body.
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Eragenia villosa Waichert & Pitts, sp. n.
LSID:urn:lsid:zoobank.org:act:A773BD38-4814-4ABC-B8D7-89195D81237F

Holotype, ♀ COSTA RICA: San Jose, PN Braulio Carillo, 9 Km E Tunel, vvi.1990, P. Hanson [col.] (MW). Allotype, ♂ COSTA RICA: Cartago, Dulce Nombre,
vivero Linda Vista, 1,300 m, P. Hanson col., vi-viii.1993.

Diagnosis (Figs 4.4A, E; 4.6S, T; 4.9H, T; 4.10B). The integument is black with
purplish-blue reflections; the antennae are brown until segment 5-6 and yellowishorange until segment 10, the apical antennal segment is dark (Figs 4.4A, E); the
antennae have a velvet aspect; the clypeus is trapezoidal, flat, with the apical margin
straight (Figs 4.6S, T); the fore and hind wings are translucent; the fore wing has two
dark bands, one partially covers cells 1Rs, R, 1M, 2Rs-1Cu, and A, the other partially
covers cells 2R1, 1Rs-3Rs, and half of 2M; the stigma is pale brown; 2Rs is small,
squared-shaped, about as wide as long; and the 3Rs cell is 2.5X as long as 2Rs.
Additionally, males lack purplish-blue reflections on head and mesosoma, and the last
three antennal segments are dark.

Description. Holotype ♀. Body length 10.1 mm. Fore wing 8.5 mm; maximum
wing width 2.3 mm.
Coloration (Fig. 4.4A). Head black with weak bluish reflections; apical margin of
clypeus and mandible brown; palpi brown; antennal segments 1-5 brown dorsally,
lighter ventrally, segments 6 and 12 brown and yellowish, segments 7-11 yellowish-
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orange, remaining brown; mesosoma black with purplish-blue reflections; legs and
metasoma brown with purple reflections; wing translucent; fore wing with two dark
bands, apex darkened; wing venation brown; stigma brown; pubescence whitish.
Head (Fig. 4.6S). Head as wide as long; TFD 1.1X FD; MID 0.6X FD; punctation
conspicuous, small. Pubescence short, sparse; few, long erect setae present on
clypeus. Ocelli in acute triangle; lateral ocelli closer to each other than to compound
eyes; POL 0.3X OOL. Mandible narrow, wider basally, two sharpened apical teeth,
basal-most larger. Clypeus trapezoid, flat; LC 0.5X WC; median clypeal projection
absent; anterior margin polished, straight. Beard with few, long, thin setae. Antennae
elongate; length of fourth segment 4.3X width; ratio of the first four antennal
segments 12:4:13:14; WA3 0.3X LA3; LA3 0.6X UID.
Mesosoma (Fig. 4.4A). Punctation conspicuous, small; pubescence sparse,
abundant on propodeal declivity, latero-distal mesopleuron. Erect setae scarce.
Pronotum not elongated, width approximately 6.8X length; collar short, almost
absent. Punctures on propodeum conspicuous; propodeal disc not setose, long erect
setae on disc declivity, coarsely; declivity not abrupt, giving flat appearance. Wing
long, maximum width 0.3X length; length of marginal cell 1.7X distance from its end
to wing apex; third submarginal cell 2X longer than second submarginal; second
submarginal cell wide, 1.4X as wide as long; second submarginal cell somewhat
quadrangular aspect; second recurrent vein curved, meeting second submarginal cell
0.4X distance from base to apex of cell. Front, middle tibia with thin, scarse spines;
hind tibia with thin scarse spines, distal edge angulate; tibial brush complete, thinner
basally.
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Metasoma. Metasoma pilose, pubescence short appressed; pygidium with long,
thin setae; sterna with sparse setae, long; metasoma 1.5X as long as mesosoma.

Allotype ♂. Body length 8.3 mm. Forewing 7.6 mm; maximum wing width 2.0
mm. Similar to female, except for:
Color (Fig. 4.4E). Head, mesosoma black without purplish-blue reflections;
clypeus black; antennal segments 1-5 brown dorsally, yellowish ventrally, segments
7–10 yellowish, segment 6 dark and pale brown, apical three segments black; apical
tergum white.
Head (Fig. 4.6T). Head wide; POL 0.6X OOL. Clypeus slightly convex, apical
margin slightly invaginated. Beard not visible. Ratio of the first four antennal
segments 9:3:14:15.
Mesosoma (Fig. 4.4E). Pronotum width approximately 4.2X length. Second
submarginal cell small, about as wide as long. Front, middle, hind tibia smooth.
Genitalia (Figs 4.9H, T; 4.10B). Parapenial lobe split; lobes finger-like, curved,
their length 0.4X total genitalia length; apical lobe semi-angulated, curved; width
constant along length. Digitus wide, truncated, punctate; length 0.3X paramere
length; dorsal lobe longer than ventral lobe apex scooped, transversal carina apically,
setae short, scarce; ventral lobe spatulate, short, punctate, covered by long, erect,
thick setae. Aedeagus lanceolate, leaf-like, almost as long as parapenial lobe, apex
semi-angulate. Paramere long, length 0.6X total genitalia length; sword-like shape,
base slightly narrower, sharp small expansions on 0.4 and 0.6 of paramere length
from the base; apex truncate; setae long, thick, covering the whole length. Subgenital
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plate with base short, densely setose, trilobed; median lobe expanded; apex
lanceolate, sharpened.

Variation. Variation in the antennal and wing coloration is observed. Some male
specimens have only the apical segment black rather than the apical three, and most
of the wing yellowish. Antennae can have either pale yellow or orange color.

Etymology. The specific epithet was taken from Latin, villosa, meaning “velvet”
in English. It refers to the velvet aspect of the antennae in the specimens.

Distribution. Costa Rica, Nicaragua and Panama.

Remarks. This species is morphologically similar to E. congrua. The latter species
differs from E. villosa by having the clypeus with the apical margin slightly pale
brown, the antennae darker and lacking the velvety pubescence. Moreover, the hind
tibia is rounded without distal angulated edge, and E. villosa have black coloration
without the apical margin of clypeus pale brown; the metasoma is narrow. Eragenia
congrua have clypeus large, antenna shorter and thinner than the Central American
species. Several specimens of E. villosa are recorded from elevations above 300-1800
m, implying that this species might prefer high-altitude habits.

Eragenia bella Waichert & Pitts, sp.n.
LSID:urn:lsid:zoobank.org:act:E1D59B87-3ADD-4340-BC77-036BF1327A9C
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Holotype, ♀ COSTA RICA: Heredia, Finca La Selva, 3 Km S Pto. Viejo, 2325.vii.1976, E.M. Fisher coll. (MW). Aloytpe, ♂ COSTA RICA: Puntarenas, P.N.
Corcovado Estac. Sirena, 50 m, P. Hanson [coll.], x-xi.1990 (MW).

Diagnosis (Figs 4.4B; 4.6Q, U; 4.7E; 4.8K; 4.9E, Q; 4.10K). The integument is
black with greenish reflections in females, the metasoma is orange in males; the
antennae are brown dorsally, paler brown underneath segments 8-9 whitish in males;
the body is covered by golden scale-like pubescence, abundant on pronotum,
mesonotum, propodeal declivity, and metasoma (Figs 4.4B, 4.7E); the clypeus is
trapezoidal, flat, with the apical margin slightly convex (Figs 4.6Q, U); the fore and
hind wings are translucent; the fore wing has two dark bands, one partially covers
cells R, 1M, 2Rs-1Cu, A, and small portion of 1Rs, the other partially covers cells
2R1, 3Rs, 2M, and almost entirely 2Rs; 2Rs is small, about 1.4X as wide as long; the
tCu1 vein is arched and tCu2 is straight; and the 3Rs cell is long 2.7X as long as 2Rs
(Fig. 4.8H). Additionally, the males have the subgenital plate triangular with a
median carina, arched on profile (Fig. 4.10K).

Description. Holotype ♀. Body length 9.07 mm. Fore wing 8.0 mm; maximum
wing width 2.3 mm.
Coloration (Fig. 4.7E). Head black with bluish-green reflections; clypeus,
mandible, palpi brown; antennae brown, segments 7-12 lighter underneath;
mesosoma black with bluish-green reflections; pronotum with anterior margin pale
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brown, leg brown with purple reflections, coxa, trochanter, tibial joins pale brown;
metasoma black, tergum with apical margin pale brown; wing translucent; fore wing
with two dark bands, apex weakly darkened; wing venation brown; stigma
translucent; scale-like pubescence golden.
Head (Fig. 4.6U). Head wide; TFD 1.1X FD; MID 0.6X FD; punctation
conspicuous, small. Pubescence appressed, scale-like on lower face; few long erect
setae. Ocelli in acute triangle; lateral ocelli sligthly closer to each other than to
compound eyes; POL 0.8X OOL. Mandible wider basally, narrower apically; two
sharpened apical teeth, basalmost larger. Clypeus trapezoid, flat; LC 0.4X WC;
median clypeal projection absent; anterior margin polished, slightly sinuous. Beard
with few, long, thin setae. Antennae elongate; length of fourth segment 2.6X its
width; ratio of the first four antennal segments 15:6:18:17; WA3 0.3X LA3; LA3
0.6X UID.
Mesosoma (Fig. 4.7E). Punctation conspicuous, small; pubescence abundant,
scale-like on pronotum, scutum, scutellum, metanotum, distal margin of propodeum,
hind coxae. Erect setae scarse. Pronotum not elongated, width approximately 3.7X
length; collar short, almost absent. Punctures on propodeum barely conspicuous;
propodeal disc setose, appressed scale-like setae covering disc, more abundant on
declivity; declivity not abrupt, slightly curved. Wing long, maximum width 0.3X
length; length of marginal cell 1.2X distance from its end to wing apex; third
submarginal cell 2.4X longer than second submarginal; second submarginal cell
short, 0.6X as wide as long; second submarginal cell somewhat trapezoid aspect;
second recurrent vein straight, meeting second submarginal cell 0.6X distance from
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base to apex of cell. Front, middle tibia with thick, short, scarse, sharpened spines;
hind tibia with short, thin, scarse spines, distal edge angulate; tibial brush complete,
thinner basally.
Metasoma. Metasoma pilose, pubescence short, golden scale-like; pygidium with
long, thick setae; sterna with sparse setae, long; metasoma 0.9X as long as mesosoma.

Allotype ♂. Body length 8.4 mm. Fore wing 6.5 mm; maximum wing width 1.8
mm.
Coloration (Fig. 4.4B). Integument without bluish-green reflections; antennae
brown dorsally, pale brown underneath, segments 8-9 whitish; metasoma orange,
hypopygium white.
Head (Fig. 4.6Q). Silver scale-like pubescence on lower face, clypeus. POL 1X
OOL. Beard absent. Length of fourth segment 3.7X width; ratio of the first four
antennal segments 9:4:20:23.
Mesosoma (Figs 4.4B; 4.8K). Silver pubescence on propodeum; golden scale-like
pubescence on mesopleuron. Pronotum width approximately 3.2X length; Propodeal
disc with declivity not abrupt, flat appearance. Third submarginal cell 1.8X longer
than second submarginal; second submarginal cell about as long as wide. Middle, fore
tibia with thin, short, sparse spines.
Genitalia (Figs 4.9E, N; 4.10K). Parapenial lobe split; lobes finger-like, curved,
their length 0.4X total genitalia length; apical lobe rounded, curved; thicker on apex
and base. Digitus wide, truncated, punctate; length 0.4X paramere length; dorsal lobe
longer than ventral lobe, apex scooped, weak transversal carina apically, setae absent,

228

	
  

angulate projection baso-ventrally; ventral lobe spatulate, short, punctate, weakly
covered by long, erect, thick setae. Aedeagus tongue-like, shorter than parapenial
lobe, apex semi-angulate. Paramere long, length 0.6X total genitalia length; fingerlike shape, base wider, sharp small expansions on 0.4 and 0.6 of paramere length
from the base, with constrictions between and after expansions; apex rounded,
rounded membrane projected on apex; setae thin, sparse. Subgenital plate with base
short, trilobed; median lobe expanded, triangular, two lateral carina converging on
apex; apex semi-angulate.

Variation. Some males have the metasoma densely covered by golden
pubescence, others show less dense covering; the metasoma is sometimes light
brown. Females can have the underside of antennae pale brown. Finally, the fore
wing differs slightly in size of the 3Rs cell, which is longer in some specimens.

Etymology. The specific epithet was taken from Latin, bellus, meaning “pretty” in
English. It refers to the pretty color and aspect of the specimens.

Distribution. Costa Rica, Guatemala and Panama.

Remarks. Males and females are here associated based on collecting data and
morphological characters of fore wing venation. The metasoma of both sexes are
similar morphologically, covered by golden scale-like pubescence and with a bright
orange color. Moreover the tCu2 vein is straight in both sexes and cells 2Rs and 3Rs
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are similar in size and shape. Eragenia bella, along with E. isolata, E. tabascoensis,
E. micans, E. dentata, and E. oliva, form a clade and share the morphological
characteristic of having the subgenital plate wide, triangular in shape, and the
paramere with constrictions. These features are different from the observed in the
other Eragenia clade (Fig. 4.1). In the other species the subgenital plate is constricted
medially and the paramere is long without constrictions along its length.

Eragenia dentata Waichert & Pitts, sp.n.
LSID:urn:lsid:zoobank.org:act:9FB1E06D-8B65-4A9A-9A9A-FFFE16982074

Holotype, ♀ COSTA RICA: Guan., FincaMontezuma, 3 Km SE Rio Naranjo, F.
Parker [coll.], 18-28.xii.1992 (EMUS). Alotype, ♂ COSTA RICA: Alaj., Bijagua, 20
Km S Upala, FD Parker [coll.], 26.iii-12.iv.1991 (EMUS).

Diagnosis (Figs 4.6V, Y; 4.7B; 4.8M; 4.9J, V; 4.10M). The head and mesosoma
are black with metallic green reflections, the metasoma is brown with bluish-green
reflections; the pronotum has the outer margins whitish; the antennae are brown, the
segments 7-8 are pale brown; the integument is covered by golden appressed
pubescence (Fig. 4.7B); the clypeus is trapezoidal, the apical margin is sinuous,
forming three apical lobes/teeth in females and invaginated medially, somewhat
trilobite in males (Figs 4.6V, Y); the fore wing has two dark bands and one pale
yellow; one dark vein partially covers cells R, 1Rs, 1M, 2Rs, A, the other is faint and
partially covers cells 2R1, 1Rs-2Rs, 2M; 2Rs is small and rectangular-shaped, about
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2X wide as long; the tCu1 vein is curved; the 3Rs cell is wider apical-distally, 1.4X as
long as 2Rs (Fig. 4.8M). Additionally, in males the subgenital plate is large and
truncate (Fig. 4.10M).

Description. Holotype ♀. Body length 11.1 mm. Fore wing 9.0 mm; maximum
wing width 2.5 mm.
Coloration (Fig. 4.7B). Head black with greenish-golden reflections; clypeus
black with apical margin brown; palpi black; mandible black, apex brown; antennae
black dorsally, pale brown ventrally, segment 7 pale castaneous, segments 1–3 with
weak greenish reflections; pronotum black, outer margins pale brown; scutum,
scutellum black with green reflection; mesopleuron, mesoscutum, propodeum black;
metasoma brown with margins pale castaneous; wing hyaline; fore wing with two
dark bands, apex darkened; veins brown, pale brown on apex; leg brown with purple
metallic reflections, tarsi 4–5 lighter; scale-like pubescence golden.
Head (Fig. 4.6V). Head about as long as wide; TFD 1.1X FD; MID 0.6X FD;
punctation conspicuous, small. Pubescence appressed, scale-like pubescence on face.
Ocelli in nearly acute triangle, lateral ocelli slightly closer to each other than to
compound eyes; POL 1.0X OOL. Mandible narrow, wider basally, two sharpened
apical teeth, basalmost larger. Clypeus trapezoid, flat, apical margin sinuous with
trilobe aspect, LC 0.4X WC, median clypeal projection present forming a semiangulated tooth-like, anterior margin polished, larger on corners. Beard with few,
long, thin setae. Antennae elongate; length of fourth segment 4.0X width; ratio of the
first four antennal segments 10:4:11:12; WA3 0.3X LA3; LA3 0.6X UID.

231

	
  

Mesosoma (Figs 4.7B; 4.8M). Punctation barely conspicuous, small; pubescence
scale-like on pronotum, scutum, scutellum, metanotum, propodeum, metasternum,
abundant on propodeal declivity and 1/3 propodeal disc. Erect setae scarse. Pronotum
not elongated, width approximately 5.0X length; collar short, almost absent.
Punctures on propodeum inconspicuous; propodeal disc setose, appressed scale-like
setae covering disc, long erect setae on disc declivity, propodeal disc coarsely;
declivity not abrupt, forming an angle. Wing long, maximum width 4.8X length;
length of marginal cell 1.3X distance from its end to wing apex; third submarginal
cell 1.6X longer than second submarginal; second submarginal cell wide, 1.9X as
wide as long; second submarginal cell rectangular aspect; second recurrent vein
slightly curved, meeting second submarginal cell 0.5X distance from base to apex of
cell. Front, middle tibia with small thick spines; hind tibia with thin, short sparse
spines arranged in row, distal edge angulate; tibial brush complete, thinner basally.
Metasoma. Metasoma pilose, pubescence short appressed; pygidium with long,
thin setae; sterna with sparse setae, long; metasoma 1.1X as long as mesosoma.

Allotype ♂. Body length 8.8 mm. Forewing 7.5 mm; maximum wing width 1.5
mm. Similar to female, except for:
Color. Antennae yellow-orange (broken on segment 4); pronotum pale brown;
integument black with weak greenish reflections on head; apical tergum white.
Head (Fig. 4.6Y). Lateral ocelli in acute triangle; POL 0.5X OOL. Clypeus
invaginated medially; lateral lobes large, concave, median lobe bifid, apex rounded;
LC 0.6X WC. Ratio of the first four antennal segments 13:5:12:20; LA3 0.4X UID.
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Mesosoma. Propodeal disc with declivity not abrupt, flat appearance. Second
submarginal cell 1.7X as wide as long; second recurrent vein meeting second
submarginal cell 0.7X distance from base to apex of cell. Front, middle tibia smooth;
hind tibia with short thin spines.
Genitalia (Figs 4.9J, V; 4.10M). Parapenial lobe split; wider on base, finger-like
toward the apex; apex thin, curved; length 0.8X total genitalia length; apical lobe
rounded, curved. Digitus wide, arched, punctate; length 0.4X paramere length; dorsal
lobe longer than ventral lobe, apex scooped, rounded, with two rounded lobes
laterally, turned inward, setae short, thick, abundant; ventral lobe spatulate, short,
punctate, covered by long, erect, thick setae. Two basal hooklets, sharpened.
Aedeagus sword-like, shorter than parapenial lobe; apex agulate, sharpened. Paramere
long, length 0.6X total genitalia length; stout, base slightly narrower; one constriction
on base, one on 0.4 of paramere length from base; apex square-like, large, setae long,
thick, covering all length, ventral face rounded, dorsal face with a small apical
expansion, side straight. Subgenital plate with base short, glabrous, trilobed; median
lobe expanded; median lobe large, almost as large as base, apex truncate (appearing
damaged).

Variation. Apical margin of clypeus varies by having the lateral lobes less
projected than the one observed in the holotype.

233

	
  

Etymology. The specific epithet was taken from Latin, dentata, meaning
“toothed” in English. It refers to the toothed shape of the apical margin of clypeus of
the specimens.

Distribution. Costa Rica.

Remarks. This species is morphologically similar to E. oliva (see E. oliva section).
Males of E. dentata are not illustrated – except for the head – because the only
individual of this species is damaged.

Eragenia carinata Waichert & Pitts, sp.n.
LSID:urn:lsid:zoobank.org:act:5F0E7DD0-EB28-4CF6-A9FC-07316E77593E

Holotype, ♀ COLOMBIA: Amazonas, PNN Amacayacu Bocas Mata, Mata
Malaise, M. Kelsey [coll.], V18a, 22.ii.1989 (IAvH-E 107950).

Diagnosis (Figs 4.4D; 4.6X). The integument is black with greenish-blue
reflections; the antennae are yellow with some dark spots on segments 1-5; the body
is covered with appressed silver pubescence, scale-like pubescence on the propodeal
declivity (Fig. 4.4D); the clypeus is trapezoidal, flat, with the lateral edges projected
downwards and a small median tooth (Fig. 4.6X); the fore and hind wings are
translucent; the fore wing has two dark bands, one partially covers cells R, 1Rs, 1M,
2Rs-1Cu, A, and small portion of 1Rs, the other partially covers cells 2R1, 2Rs-3Rs,
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2M; 2Rs is small, about 2X as wide as long; the tCu1 vein is straight; the 3Rs cell is
long 2.1X as long as 2Rs with a triangle shape; and the pygydial plate has a
transversal carina. Only females of this species are known.

Description. Holotype ♀. Body length 9.8 mm. Fore wing 9.0 mm; maximum
wing width 2.4 mm.
Coloration (Fig. 4.4D). Head black with weak greenish-blue reflections; clypeus
black with greenish-blue reflections; labial palpus brown; maxillary palpus pale
brown; mandible brown, apex and base darker; antennae pale brown, segments 3–5
black dorsally; mesosoma black with bluish-green reflections; leg brown with weak
purple metallic reflections, joints and ventral faces pale brown; metasoma brown with
bluish-green reflections; wing hyaline; fore wing with two dark bands; veins pale
brown; scale-like pubescence silver.
Head (Fig. 4.6X). Head wide; TFD 1.2X FD; MID 0.6X FD; punctation
conspicuous, small. Pubescence abundant, short, scale-like pubescence on lower face,
clypeus; few long erect setae present on clypeus. Ocelli in acute triangle; lateral ocelli
closer to each other than to compound eyes; POL 0.7X OOL. Mandible narrow, wider
basally, two sharpened apical teeth, basal-most slightly larger. Clypeus trapezoid, flat,
lateral edges projected, turned downward, apical margin sinuous with a median small
tooth; LC 0.4X WC; median clypeal projection present medially, forming a sharpened
tooth; anterior margin polished, straight. Beard with few, long, thin setae. Antennae
elongate; length of fourth segment 4.2X its width; ratio of the first four antennal
segments 13:5:16:19; WA3 0.2X LA3; LA3 0.8X UID.
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Mesosoma (Fig. 4.4D). Punctation barely conspicuous, small; pubescence
abundant, scale-like pubescence on latero-distal mesopleuron, distal margin of
propodeum, propodeal declivity, hind coxae. Erect setae sparse Pronotum not
elongated, width approximately 2.6X length; collar short, almost absent, dorsal disc
with two lumps split medially. Punctures on propodeum conspicuous; propodeal disc
setose, propodeal disc coarse declivity not abrupt, slightly curved. Wing narrow,
maximum width 0.3X length; length of marginal cell 1.4X distance from its end to
wing apex; third submarginal cell 2.1X longer than second submarginal; second
submarginal cell wide, 1.7X as wide as long; second submarginal cell somewhat
rectangular aspect; first recurrent vein arched, leaning; second recurrent vein straight,
meeting second submarginal cell 0.6X distance from base to apex of cell. Front
smooth; middle tibia with small, thick, sparse spines; hind tibia with short, thick,
sparse spines, distal edge angulate; tibial brush complete, thinner distally.
Metasoma. Metasoma coreaceous, pubescence short appressed, white; pygidium
with long, thin setae; sterna with sparse setae, long; metasoma 1.1X as long as
mesosoma.

Variation. One specimen has brown antennae and small body. Other variation
includes the apical margin of the clypeus, which can be straight with a small median
tooth. Finally, one specimen has the pygidial plate pale brown, differing from the
others that are darker brown.
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Etymology. The specific epithet was taken from Latin, carinatus, meaning
“keeled” in English. It refers to the carina present on the pygidial plate.

Distribution. Colombia.

Remarks. This is the only species that does not present the pygidial plate densely
covered by setae, but instead, has a carina. Two specimens widely differ from the
others by having the clypeus straight, and pygidial plate differing in color and size.
However, the wing venation is similar in all specimens and the carina on the pygidial
plate is unique. For these reasons, we classify them as a single species, but further
studies are needed to better understand morphological variation in this group.

Eragenia rotunda Waichert & Pitts, sp.n.
LSID:urn:lsid:zoobank.org:act:1F3CB91D-EC6D-46A8-B75C-B041A0C5B418

Holotype, ♂ COSTA RICA: Guanacaste, Arenales, W side Volcan Cacao, 900 m,
P. Hanson coll., xi-xii.1990 (MW).

Diagnosis (Figs 4.4O; 4.6W; 4.8L; 4.9K, W; 4.10D). The head and mesosoma are
black, the metasoma is brown; the pronotum has the outer margins pale brown (Fig.
4.4O); the antennae are brown, paler underneath segments 1-6, segments 7-10 white;
the clypeus is trapezoidal, slightly convex medially, the apical margin is straight (Fig.
4.6W); the fore and hind wings are translucent; the fore wing has two dark bands, one
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partially covers cells R, 1Rs, 1M, 2Rs-1Cu, A, and small portion of 1Rs, the other
partially covers cells 2R1, 2Rs-3Rs, 2M; 2Rs is small and squared-shaped, about as
wide as long; the tCu1 vein is straight; the 3Rs cell is 1.6X as long as 2Rs (Fig. 4.8L);
and the subgenital plate has the apex rounded (Fig. 4.10D). Only males of this species
are known.

Description. Holotype ♂. Body length 7.7 mm. Fore wing 6.6 mm; maximum
wing width 1.9 mm.
Coloration (Fig. 4.4O). Head black; palpi pale brown; mandible basal 1/2 black,
apex pale brown; antennae brown dorsally, pale brown underneath, scape and
segments 2–4 pale brown, segments 7–10 whitish; mesosoma black; pronotum brown
with outer margins pale brown, leg brown with weak purple metallic reflections, tarsi
pale brown, basitarsus darker; metasoma brown with blue reflections; wing hyaline;
fore wing with two dark bands; wing venation brown; scale-like pubescence silver.
Head (Fig. 4.6W). Head wide; TFD 1.2X FD; MID 0.6X FD; punctation
conspicuous, small. Pubescence scale-like on lower face, clypeus. Ocelli in acute
triangle; lateral ocelli slightly closer to each other than to compound eyes; POL 0.7X
OOL. Mandible narrow, wider basally, two sharpened apical teeth, basal-most larger.
Clypeus trapezoidal, slightly convex; LC 0.5X WC; median clypeal projection absent;
anterior margin not set off of clypeus. Beard absent. Antennae elongate; length of
fourth segment 3.5X its width; ratio of the first four antennal segments 18:7:25:26;
WA3 0.3X LA3; LA3 0.7X UID.
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Mesosoma (Figs 4.4O; 4.8L). Punctation barely conspicuous, small; pubescence
scale-like on latero-distal mesopleuron, pronotum, propodeum, propodeal disc, more
abundant on declivity and 1/3 anterior disc, fore and hind coxae. Erect setae sparse.
Pronotum not elongated, width approximately 5.4X length; collar short, almost
absent. Punctures on propodeum conspicuous; propodeal disc setose, coarsely;
declivity not abrupt, flat appearance. Wing long, maximum width 0.3X its length;
length of marginal cell 1.2X distance from its end to wing apex; third submarginal
cell 2X longer than second submarginal; second submarginal cell wide, 1.4X as wide
as long; second submarginal cell somewhat quadrangular aspect; first recurrent vein
arched; second recurrent vein almost straight, meeting second submarginal cell 0.5X
distance from base to apex of cell. Front tibia without spine; middle, hind tibia with
thin, scarse spines; hind tibia with distal edge angulate; tibial brush complete, thinner
distally.
Metasoma. Metasoma pilose, pubescence short appressed; pygidium glabrous;
sterna without long setae; metasoma 1.1X as long as mesosoma.
Genitalia (Figs 4.9K, W; 4.10D). Parapenial lobe split; lobes finger-like, curved,
their length 0.7X total genitalia length; apical lobe rounded, curved; wider on apex.
Digitus wide, rounded, punctate; length 0.6X paramere length; dorsal lobe longer than
ventral, apex scooped, rounded, without transverse carina apically, setae short, scarce;
ventral lobe spatulate, short, punctate, covered by long, erect, thick setae. Aedeagus
tongue-like, constricted basally, shorter than parapenial lobe, apex rounded. Paramere
long, length 0.7X total genitalia length; triangular shape, base slightly narrower,
angulate expansions on 0.4 of paramere length from base; paramere on lateral view
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thin, sinuous; apex truncate; setae long, thick, covering the entire length. Subgenital
plate with base short, densely setose, trilobed; median lobe expanded by a pedicel
with two carinae, slightly arched on lateral view; apex rounded.

Variation. Some specimens are pale brown, whereas others are black with strong
blue reflections on metasoma.

Etymology. The specific epithet was taken from Latin, rotundus, meaning “round”
in English. It refers to the rounded shape of the subgenital plate of the specimens.

Distribution. Costa Rica.

Remarks. This species is morphologically similar to E. bella. The males of E.
rotunda differ from males of E. bella by having the subgenital plate with the base
connected to the apex through a narrow stalk, and the apex is rounded; in E. bella, the
subgenital plate is triangle-shaped with a median carina and sharpened apex. Also, in
E. rotunda the parameres lack two median lumps present in E. bella. Finally, the new
species here proposed has the 2Rs and 3Rs cells almost the same size, whereas in E.
bella 2Rs is about half of 3Rs’s size. We could not assign these specimens to any
known female species with confidence, and so, we justify the new species.

Eragenia pseudomicans Waichert & Pitts, sp. n.
LSID:urn:lsid:zoobank.org:act:CE52B54C-1394-4E10-A355-CB2C536C2841
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Holotype, ♀ COSTA RICA: Puntarenas, Pen. Osa. 8 Km S Puente Rio Rincon,
Coopemarti, 30 m, Hanson & Retana [coll.], xi-xii.1990 (MW). Alotype, ♂ COSTA
RICA: Guan., EJN, 14 Km S Cañas, F.D. Parker, 1-12.iii.1990 (MW).

Diagnosis (Figs 4.5F, G; 4.6Z, AB; 4.9L, X; 4.10L). The head, legs and
metasoma are brown with blue reflections, the mesosoma is red-orange (Figs 4.5F,
G); the antennae are brown until segment 7 in females, the remaining are yellow; in
males only segments 7-8 are yellow; the clypeus is trapezoidal, almost flat, the apical
margin is straight (Figs 4.6Z, AB); the fore and hind wings are translucent; the fore
wing has two dark bands, one partially covers cells R, 1Rs, 1M, 1Cu-2Cu, and A, the
other partially covers cells 2R1, 2Rs-3Rs, 2M; 2Rs is small and squared-shaped,
about as wide as long; the tCu1 vein is straight and inclined; and the 3Rs cell is 2.1X
as long as 2Rs (Fig. 4.8B).

Description. Holotype ♀. Body length 9.6 mm. Fore wing 8.0 mm; maximum
wing width 2.4 mm.
Coloration (Fig. 4.5F). Head black with greenish-blue reflections; clypeus,
metasoma brown with greenish-blue reflections; palpi, mandible brown, apex and
base of mandible darker; antennae brown dorsally until half of segment 7, ventrally
and remaining segments pale brown; mesosoma red; leg brown with purple metallic
reflections; wing translucent; fore wing with apex and two dark band, veins brown;
scale-like whitish-silver pubescence.
Head (Fig. 4.6Z). Head about as long as wide; TFD 1.1X FD; MID 0.6X FD;
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punctation conspicuous, small. Pubescence appressed, few erect setae on clypeus;
scale-like pubescence on lower face, clypeus. Ocelli in nearly acute triangle; lateral
ocelli closer to each other than to compound eyes; POL 1.0X OOL. Mandible wider
basally, narrower apically, two apical teeth, basal-most larger. Clypeus trapezoid,
almost flat; LC 0.4X WC; median clypeal projection absent; anterior margin polished,
larger on corners. Beard not visible. Antennae elongate; length of fourth segment
4.2X width; ratio of the first four antennal segments 18:6:18:20; WA3 0.3X LA3;
LA3 0.7X UID.
Mesosoma (Figs 4.5F; 4.8J). Punctation barely conspicuous, punctures small;
pubescence short, velvet-like, scale-like pubescence on latero-distal mesopleuron,
distal margin of propodeum, hind coxae. Erect setae scarce. Pronotum not elongated,
width approximately 4.4X length; collar short, almost absent. Punctures on
propodeum conspicuous; propodeal disc not setose, smooth; declivity not accentuate,
slightly curved. Wing long, maximum width 0.3X its length; length of marginal cell
1X distance from its end to wing apex; third submarginal cell 1.8X longer than
second submarginal; second submarginal cell short, 1.3X as wide as long; second
submarginal cell somewhat quadrangular in aspect, first recurrent vein arched; second
recurrent vein straight, meeting second submarginal cell 0.5X distance from base to
apex of cell. Front, middle tibia with short, thick spines; hind tibia with short, thin
spines, arranged on rows; distal edge angulate; tibial brush complete, thinner distally.
Metasoma. Metasoma pilose, pubescence short appressed; pygidium and terminal
metasomal sternum with long, thick, sparse setae; sterna with sparse setae, long;
metasoma 1.1X as long as mesosoma.
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Allotype ♂. Body length 8.6 mm. Forewing 7.3 mm; maximum wing width 2 mm.
Similar to female, except for:
Color (Fig. 4.5G). Antennae paler underneath; leg brown with weak purple
reflections, tarsi pale brown.
Head (Fig. 4.6AB). Clypeus trapezoidal, almost flat, apical margin slightly
invaginated. Ratio of the first four antennal segments 10:3:13:13.
Mesosoma (Fig. 4.5G). Pronotum width approximately 5.0X length. Propodeal
disc with declivity not abrupt, flat in appearance. Length of marginal cell 1.4X
distance from its end to wing apex; second recurrent vein slightly curved, recurrent
vein meeting second submarginal cell about half the distance from base to apex of
cell. Front, middle tibia smooth.
Genitalia (Figs 4.9L,X; 4.10L). Parapenial lobe split; lobes finger-like, curved,
their length 0.5X total genitalia length; apical lobe semi-angulate, curved; width
constant along length. Digitus wide, truncate, punctate; length 0.6X paramere length;
dorsal lobe longer than ventral, apex scooped, transversal carina apically, setae short,
scarce; ventral lobe spatulate, short, punctate, covered by long, erect, thick setae.
Aedeagus lanceolate, leaf-like, shorter than parapenial lobe, apex rounded. Paramere
long, length 0.7X total genitalia length; triangular shape, base slightly narrower,
angulate expansions on 0.3 of paramere length from base; paramere on lateral view
thin, sinuous; apex truncate; setae long, thin, covering the entire length. Subgenital
plate with base short, densely setose, trilobed; median lobe expanded by a pedicel
with two carinae, arched on lateral view; apex lanceolate, sharpened apically.
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Variation. Variation in antennal color is observed. Some male specimens have
only the apical segment black rather than the apical three, and most of the wing
yellowish. Antennae can be either pale yellow or orange. Some females have strong
bluish-green metallic integument. A female from Panama has the propodeum
somewhat rounded, less flat than the other specimens.

Etymology. The specific epithet was taken from a previously described species,
micans, which is Latin, means “sparkling” and the prefix pseudo is Greek, meaning
“false” in English. It refers to the morphological resemblance to the species E.
micans.

Distribution. Costa Rica, Honduras and Panama.

Remarks. Eragenia pseudomicans is morphologically similar to E. micans and E.
amabilis. It differs from both species by having cell 3Rs slightly larger than 2Rs. In
E. micans, 3Rs is almost 3X as long as 2Rs, whereas in E. amabilis 3Rs is nearly 2X
as long as 2Rs. Mesosoma in E. pseudomicans is always red, whereas in E. amabilis
is commonly black and red, or if red, black spots mostly ventrally are present. The
male genitalia in E. pseudomicans is also morphologically similar to E. amabilis. The
differences between them are small. In E. pseudomicans the apex of the subgenital
plate is lanceolate, quite elongate; whereas in E. amabilis it is more rounded. The
parameres are stouter and lack an angulated elbow-shape basally, as is present in E.
pseudomicans.
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Discussion
The taxonomic status of several genera in Ageniellini is dubious. Our molecular
phylogeny uncovered paraphyly for all of the genera included in this study
(Ageniella, Phanochilus and Priocnemella). Most of the diagnostic characters
historically used are not exclusive to one taxon, resulting in confusion and misleading
identifications. This is likely true for several other genera in the tribe, and further
investigations are needed in this entire group.
Our study has revealed that there are two distinguishable groups within
Priocnemella. One group is made up of large, black species with yellow wings, and
the other group is made up of small-medium species with variable integument color
and banded wings. In our phylogenetic analyses, the large black species nested within
species of Phanochilus. This clade (Priocnemella + Phanochilus) shares several
morphological characteristics: black integument, yellow wings with venation
extending to the apex – unusual in other Ageniellini – large clypeus, males with
clypeus strongly convex and large paramere covered by dense, erect setae. Based on
molecular evidence and on morphological characteristics, we propose that
Phanochilus should be considered a junior synonym of Priocnemella. We will
investigate these taxa and their relationships in a future publication.
The revalidated genus Eragenia (comprising the small-to-medium-sized species)
does not have obvious morphological synapomorphies. Diagnostic characteristics of
Eragenia are also shared by other groups of Ageniellini. Characters such as the face
being wide, the clypeus with a trough-like impression paralleling its lateroapical
margin (Townes, 1957), and the tibial frontal spine, are shared with females of

245

	
  

Priocnemella. The trapezoidal clypeus is also shared with some species of Ageniella,
as are the banded fore wings. However, among the Neotropical Ageniellini, species of
Eragenia are uniquely slender with long, ridged legs. The Eragenia characteristics of
male genitalia with paramere and base of digitus covered by dense erect setae are also
characteristic of male Phanochilus. However, Phanochilus has shorter and larger
parameres. In addition, the subgenital plate of Phanochilus is large and curved,
different from the triangular or constricted-medially shape of Eragenia.
This is the first time that males and females of Eragenia are matched using
molecular data. Most of the species of Eragenia, and the Neotropical Ageniellini, are
only known from the female sex, although males are easily collected and abundant in
collections. The difficulty of identifying and associating males has hampered studies
of this group. Males of Ageniella and Eragenia are morphologically similar, and keys
or reliable characters to separate them have never been proposed. Males of Eragenia
are now distinguished from Ageniella by the following combination of characters:
antennae with some flagellomeres yellow-orange to pale brown; propodeum flat with
propodeal disc straight, and genitalia with parameres and base of digitus covered by
long erect setae. We were unable to discover males of E. aureicornis through
molecular analyses, and the description is ambiguous; thus, we did not illustrate or
diagnose the male of E. aureicornis. Currently, E. setosa, E. carinata, and E.
coerulipes are known only from the female, while E. rotunda is known only from the
male. All four species occur in Costa Rica. It is possible that E. rotunda is the male of
one of the former species; in our studies, however, it is not clear and we refrain from
attempting to match sexes for now.
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Mean pairwise distances supported generic boundaries, sex associations, and
species delimitation in Eragenia. The COI sequences diverged deeply between major
clades (13.0–14.8%). This is consistent with each subgroup representing a different
taxon, in this case a genus, in Ageniellini. Genetic diversity within Eragenia species
ranged from 0.007% (E. villosa) to 0.06% (E. isolata) pairwise distances. High levels
of divergence in E. isolata might indicate presence of more than one species. We
observed strong morphological variation within this species, but none that would
justify splitting the species into two. Intra-generic variation of Eragenia species is not
unexpected in the fast-evolving COI gene observed in pompilids (Szafranski, 2009)
and may also reflect geographic variation.
Identification based on color alone is misleading in Eragenia. Convergence in
color patterns among species and intra-specific variation are high in this genus (see
Figs 4.4, 4.5, 6). For example, Eragenia oliva, E. dentata, E. bella, E. rotunda, E.
setosa, and E. coerulipes are endemic to Mesoamerica, and all share body and wing
coloration (Fig. 4.7). Another example is the females of E. micans, E. pseudomicans
and E. amabilis (Fig. 4.5), which are very similar, with red thorax and black abdomen
with blue reflections on the integument. Nevertheless, the apical margin of clypeus
and the wing venation differ between these species (see Remarks section of E.
micans, E. amabilis and E. pseudomicans). Thus, although body and wing color
patterns are sometimes shared among unrelated taxa, we found that wing venation is
informative for delimiting species of Eragenia. The size and the shape of the cells
2Rs and 3Rs, besides the proportion between them, are unique for each species; the
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male subgenital plate and the genitalic characters are helpful for identification, as
well.
Distantly related species that overlap in distribution and color patterns have been
characterized for Mutillidae (Wilson et al., 2012). These patterns were identified as
examples of repeated, convergent Müllerian mimicry, resulting from independent
evolution rather than shared ancestry (Wilson et al., 2012). Aposematic species that
converge on a single warning-color pattern gain a mutual advantage in reducing the
probability of predation (Müller, 1879). It is possible that certain color patterns shared
by species of Eragenia are the result of natural selection for convergent mimicry
complexes, but more studies are needed to test this idea.
Divergence-time estimation
Multiple dispersal and vicariance events shaped diversification in Eragenia. The
estimated divergence time and the BBM analysis (Fig. 4.3) argue for a late Miocene
origin of Eragenia, approximately 7.9–11.6 Ma (95% HPD, mean=9.8 Ma). The
genus originated in Mesoamerica, descending from a lineage whose ancestral area
was uncertain (Fig. 4.3). Migration to South America occurred about 8 Ma (6.6–10.2,
HPD 95%). Although the Isthmus of Panama was estimated by some to be fully
formed in the late Pliocene (3.5–3.1 Ma) (Coates & Obando, 1996), the Miocene
dispersal by Eragenia agrees with a contrasting estimate of 15 Ma for this landmass
(Montes et al., 2012). Geological evidence suggests that most of the Isthmus’s
landmass was above sea level from the late Eocene, leaving only a narrow canal
separating Central and South America (Montes et al., 2012). Other Pompilidae groups
used this route to disperse at similar times (J. Rodriguez, personal communation).
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After the origin of Eragenia in Mesoamerica, several dispersals and range
extensions to South America occurred. One such event took place around 6 Ma, at the
end of the Miocene, and included the ancestor of E. isolata + E. setosa + E.
tabascoensis + E. micans + E. bella. A second wave of dispersal or range extension to
South America occurred during the Pleistocene: one about 3 Ma, by an ancestor of E.
amabilis, and the last about 1.3 Ma, by the ancestor of E. congrua. During this time,
the Isthmus of Panama had been formed for millions of years and allowed for
extensive faunal interchange between both continents (Lessa et al., 1997; Colston et
al., 2013; Husemann et al., 2013;). Reports of E. tabascoensis in southern Texas
(Townes, 1957) represent a later range extension. Subsequent diversification in South
America was likely the result of range expansion and vicariance. The historical
biogeography of Eragenia reinforces the complexity of past biotic connections
between North and South America (Wilson et al., 2014) and the processes that drove
species diversification in the Neotropical Region. Eragenia is potentially a model
case for characterizing the historical biogeography of Central and South American
solitary wasps. However, some phylogenetic relationships between Eragenia species
are still uncertain. This is the first phylogenetic study and taxonomic revision since
this genus was proposed (Banks, 1946). Newly delimited species need further
investigation; we expect that more taxa will be added to this genus in the future.
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Table 4.1. Taxa sampled for phylogenetic and divergence-date analyses.
Identification code, sex, locality and Genbank accession numbers are shown.
ID
PO895

Species
Ageniella accepta

Sex
female

PO542
PO75
PO763
PO812
PO418
PO377
PO583
PO1030
PO610
PO1048
PO537
PO534
PO791
PO1016
PO750
PO552
PO525
PO783
PO764
PO523
PO545
PO599
PO579
PO430
PO1024
PO1020
PO370
PO790
PO423
PO582
PO580
PO1021
PO427
PO174
PO369
PO110
PO521
PO428

Ageniella bruesi
Ageniella coronata
Ageniella sanguinolenta
Ageniella sp.
Ageniella vogeli
Eragenia abdominalis
Eragenia pseudomicans
Eragenia pseudomicans
Eragenia pseudomicans
Eragenia coerulipes
Eragenia amabilis
Eragenia amabilis
Eragenia amabilis
Eragenia bella
Eragenia congrua
Eragenia congrua
Eragenia isolata
Eragenia isolata
Eragenia isolata
Eragenia micans
Eragenia micans
Eragenia micans
Eragenia dentata
Eragenia dentata
Eragenia dentata
Eragenia setosa
Eragenia tabascoensis
Eragenia tabascoensis
Eragenia tabascoensis
Eragenia villosa
Eragenia villosa
Eragenia villosa
Eragenia oliva
Eragenia oliva
Priocnemella eurytheme
Priocnemella fairchildi
Priocnemella fairchildi
Priocnemella fairchildi
Priocnemella
fuscomarginata

female
male
female
female
female
female
male
male
male
female
female
male
female
female
male
female
male
male
male
male
female
male
female
male
male
female
female
male
male
male
male
female
male
female
female
male
male
female

Locality
U.S.A.
Dominican
Republic
U.S.A.
French Guiana
Brazil
U.S.A.
French Guiana
Brazil
Costa Rica
Panama
Costa Rica
Brazil
Brazil
Brazil
Costa Rica
Ecuador
French Guiana
Bolivia
French Guiana
Brazil
Brazil
French Guiana
Brazil
Costa Rica
Mexico
Costa Rica
Costa Rica
Mexico
Honduras
Honduras
Costa Rica
Panama
Costa Rica
Mexico
Costa Rica
Trinidad
Costa Rica
Costa Rica
Bolivia

female

French Guiana

PO993

COI

LWRh
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PO520

Priocnemella nobilitata

female

Brazil

PO502

Priocnemella ornata

male

Ecuador

Table 4.2. Summary of current species and distribution of Eragenia Banks.
Species

Author

Date

Distribution

E. abdominalis
E. amabilis

Smith
Taschenberg

1864
1869

E. aureicornis

Smith

1873

E. bella
E. carinata
E. coerulipes
E. congrua
E. dentata

Waichert & Pitts
Waichert & Pitts
Smith
Fox
Waichert & Pitts

sp.n.
sp.n.
1862
1897
sp.n.

E. isolata

Banks

1925

Brazil, Peru
Brazil, Colombia, Bolivia, Ecuador, Trinidad
Argentina, Brazil, British Guiana, Bolivia, Costa Rica, Ecuador, French
Guiana, Peru, Trinidad
Costa Rica, Guatemala, Panama
Colombia
Costa Rica, Colombia, Guatemala, Mexico, Panama
Brazil, Colombia, Ecuador, French Guiana, Peru, Venezuela
Costa Rica
Brazil, Colombia, Costa Rica, Ecuador, French Guiana, Panama, Trinidad,
Venezuela

E. micans

Fabricius

1804

from Costa Rica to Southern Brazil

E. oliva
E. pseudomicans
E. rotunda
E. setosa

Waichert & Pitts
Waichert & Pitts
Waichert & Pitts
Waichert & Pitts

sp.n.
sp.n.
sp.n.
sp.n.

E. tabascoensis

Cameron

1891

E. villosa

Waichert & Pitts

sp.n

Beliza, Costa Rica, Mexico
Costa Rica, Honduras, Panama
Costa Rica
Costa Rica
Belize, Colombia, Costa Rica, Ecuador, Guatemala, Honduras, Mexico,
Nicaragua, Southern US
Costa Rica, Nicaragua, Panama
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Fig. 4.1. Phylogenetic relationships among species of Priocnemella, Phanochilus and
Ageniella inferred from both Bayesian and likelihood analyses based on
mitochondrial COI and nuclear LWRh markers. Values above branches indicate
posterior probabilities from Bayesian analysis, and values below branches indicate
bootstrap support from maximum likelihood.
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Fig. 4.2. Distribution of pairwise genetic distances comparisons at intra- and
interspecific level in species of Eragenia.

	
  

Fig. 4.3. Ancestral area optimization obtained from a Bayesian Binary MCMC
(BBM) approach. The bottom left box represents the three areas assigned in the
model: A, North America; B, Mesoamerica; C, South America. For each node, a
colored circle corresponds to the area with highest probability resulting from the
BBM analysis. Ranges with probabilities less than 10% are hidden and reported as
black. Asterisks designate nodes used to calibrate the BEAST analysis.
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Fig. 4.4. Habitus of species of Eragenia. (A) Holotype of E. villosa; (B) Male of E.
bella; (C) Female of E. congrua; (D) Holotype of E. carinata; (E) Allotype of E.
villosa; (F) Male of E. abdominalis; (G) Male of E. congrua; (H) Female of E.
tabascoensis; (I) Male of E. tabascoensis; (J) Female of E. isolata; (K) Male of E.
isolata; (L) Female of E. aureicornis; (M) Allotype of E. oliva; (N) Female of E.
abdominalis; (O) Holotype of E. rotunda.
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Fig. 4.5. Habitus of species of Eragenia. (A) Female morphotype 1 of E. amabilis;
(B) Female morphotype 2 of E. amabilis; (C) Male of E. amabilis; (D) Female of E.
micans; (E) Male of E. micans; (F) Holotype of E. pseudomicans; (G) Allotype of E.
pseudomicans.
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Fig. 4.6. Shape of head and clypeus in species of Eragenia, frontal view. (A) Female
of E. amabilis; (B) Male of E. amabilis; (C) Male of E. micans; (D) Female of E.
micans; (E) Female of E. aureicornis; (F) Male of E. abdominalis; (G) Female of E.
abdominalis; (H) Male of E. isolata; (I) Female of E. isolata; (J) Female of E.
congrua; (K) Male of E. congrua; (L) Holotype of E. setosa; (M) Female of E.
tabascoensis; (N) Male of E. tabascoensis; (O) Female of E. coerulipes; (P) Holotype
of E. oliva; (Q) Male of E. bella; (R) Allotype E. oliva; (S) Holotype of E. villosa; (T)
Allotype of E. villosa; (U) Female paratype of E. bella; (V) Holotype of E. dentata;
(W) Holotype of E. rotunda; (X) Holotype of E. carinata; (Y) Allotype of E. dentata;
(Z) Holotype of E. pseudomicans; (AB) Allotype of E. pseudomicans.
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Fig. 4.7. Habitus and dorsal view of species of Eragenia. (A) Holotype of E. oliva,
habitus; (B) Holotype of E. dentata, habitus; (C) Female of E. coerulipes, habitus;
(D) Holotype of E. setosa, habitus; (E) Holotype of E. bella; (F) Holotype of E. oliva,
dosal view; (G) Holotype of E. setosa, dorsal view.
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Fig. 4.8. Fore wings of species of Eragenia. (A) Male of E. abdominalis; (B) Male of
E. amabilis; (C) Female of E. aureicornis; (D) Female of E. congrua; (E) Female of
E. isolata; (F) Holotype of E. oliva; (G) Male of E. micans; (H) Holotype of E.
setosa; (I) Female of E. tabascoensis; (J) Female paratype of E. pseudomicans; (K)
Male of E. bella; (L) Paratype of E. rotunda; (M) Holotype of E. dentata.
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Fig. 4.9. Ventral view of male genitalia of species of Eragenia. (A) E. micans; (B) E.
amabilis; (C) E. oliva; (D) E. abdominalis; (E) E. bella; (F) E. congrua; (G) E.
isolata; (H) E. villosa; (I) E. tabascoensis; (J) E. dentata; (K) E. rotunda; (L) E.
pseudomicans. Lateral view of male genitalia of species of Eragenia. (M) E. micans;
(N) E. amabilis; (O) E. oliva; (P) E. abdominalis; (Q) E. bella; (R) E. congrua; (S) E.
isolata; (T) E. villosa; (U) E. tabascoensis; (V) E. dentata; (W) E. rotunda; (X) E.
pseudomicans.
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Fig. 4.10. Male genital plate in species of Eragenia. (A) E. tabascoensis; (B) paratype
of E. villosa; (C) E. congrua; (D) E. rotunda; (E) E. amabilis; (F) E. micans; (G) E.
abdominalis; (H) holotype of E. oliva; (I) E. isolata; (J) E. isolata, lateral view; (K)
paratype of E. bella; (L) paratype of E. pseudomicans; (M) holotype of E. dentata.
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Supplementary material

Material examined: Specimens, sex, and localities used in the study.
Eragenia amabilis (Taschenberg, 1869)

Specimens examined. Holotype, Ageniella amoena, ♀ BRASILIEN: Nova
Teutônia, 27° 11’ B. 52 23’ L., 300-500 m, 6.v.1939, Fritz Plaumann [col.] (MZC
#26604). Allotype, Ageniella amoena, ♂ the data same as holotype; paratypes,
Ageniella amoena, 1♂ same as holotype, 1♀ except 23.i.1939 (Priocnemis amoena)
(MCZ #26604). Holotype, Ageniella caloptera, ♀ COLOMBIA: Vista Nieve, San
Lorenzo Mt., 16.xii.1922, Bequaert col. (MZC #26605); paratypes, 1♀ the data same
as holotype except 22.xii.1922 (MCZ #20605). FRENCH GUIANA: Yalimapo, Les
Hattes, Ecloserie du WWF, 22-29.vi.1996, rec. Babin Régis, Piège Malaise dans
prairie en bordure de forêt, après le cimetière, vers VIGIE, 5°45’N 53°55’W, Braet
Yves leg. (RW). BRAZIL: Santa Catarina, 1♀ Pinhal, A. Maller coll., Frank Johnson
Donor, xi.1948 (AMNH), Nova Teutonia, 1♂ Braz, 14.xii.1956, Fritz Plaumann
[coll.] (AEI), 27°11’B 52°23’L, 300-500m, Fritz Plaumann [coll.] 3♀ 6.v.1939, 2♀
iii.1969, 1♀ ii.1969, 1♀ xi.1969, 1♀ vi.1969, 1 ♀ ix.1969 (YPMNH), 1♀ ii.1965
(AMNH); 1♂ Pará, São João de Pirabas, Japerica, Malaise, 20-22.xii.1992
(MEPGHYM 11091893); Bahia, 1♂ Faz. Nom Surte, 19.xi.2002 (CEPLAC), Faz.
Pau Brasil, Itamarajú, Ventocilla coll., 1♂ 8.vii.1969 #2829, 1♂ 1.ii.1970 #3205
(CEPLAC); Rio Grande do Sul, Capão do Leão, 31°48’16’’S 52°24’13’’W, 7 m,
Malaise, R.F. Krüger coll., 1♂ 19.iii.2004, 1♀ 27.ii.2003 (UFES), Pelotas,
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31°44’39”S 2°13’22’’W, 16 m, Malaise, R.F. Krüger col., 1♀ 16.iv.2004 (UFES
Molecular Voucher #PO537), 1♀ 13.x.2003, 1♀ 5.xii.2003, 1♀ 26.xi.2003, 1♀
30.viii.2002, 4♀ 10.x.2003, 1♀1♂ 28.ii.2003, 1♀ 26.xi.2003, 1♂ 13.ii.2004, 1♂
9.ii.2004, 1♂ 3.i.2003, 1♂ 7.iii.2003, 1♂ 12.xii.2003, 1♂ 29.i.2003 (UFES);
E[spírito] S[anto], Pancas, Faz. Juliberto Shur, area 2, 19°12’54.8’’S 40°47’52.5”O,
M.Tavares & C. Azevedo eq. coll., Malaise, 1♂ 31.i-07.ii.2003, 1♂ 24-31.i.2003
(UFES), Santa Teresa, Reserva Biológica Santa Lúcia, 19˚58’S 40˚32’W, 31.vii07.viii.2007, 1♀ Malaise, Azevedo & Alencar col., 1♂ Azevedo & Kawada coll.,
23.iv.2001, 1♀ 28.iv.2001 (UFES), 1♂ MT Tavares, C Azevedo & eq. coll., 913.v.2006 (UFES), 1♂ (UFES Molecular Voucher #PO534), Santa Leopoldina, Alto
Rio das Farinhas, 20°08’19.3’’S 40°36’51.2’’W, Malaise, 14-24.v.2008, Waichert &
Furieri col., 2♂ Atílio Vivacqua, Serra das Torres, ponto 7, 20°59’52.8”S
41°12’42.6”W, Malaise, 14-19.iv.2007, Waichert & eq. col. (UFES), 1♀2♂ Alfredo
Chaves, Picadão, mata, 714 m, Malaise, 20°27’53”S 40°42’35”W, C. Azevedo & eq.
coll., 8-15.x.2007 (UFES); São Paulo, 1♂ Nazaré Paulista, Armadilha de Malaise,
B.H. Dietz col., 28.i.2001 (MZUSP), 1♂ Embú, 15.ii.1946, F. Lane col. (MZUSP);
1♀ São Paulo, Ilha dos Búsios, Exp. Dep. Zool., 23-28.iii.1964 (MZUSP); 1♀2♂ São
Paulo, Serra da Bocaina, S. J. Barreiros, Porter & Garcia [col.], 13-17.i.1969 (MCZ);
1♂ São Paulo, Nazaré Paulista, Armadilha de Malaise, B.H. Dietz col., 28.i.2001
(MZUSP); 1♂ Campina Grande nr. Curitiba, 21.ii.1966, H. & M. Townes [coll.]
(AEI); 1♂ [Paraná], Curitiba, 20-31.i.1969, L. & J. Stange (AEI); 1♂ São Paulo, Casa
Grande, Boraceia Field Station, Grid 23KMP092837, 25.i.1975, Thomas E. Rogers
[coll.] (FSCA); [Santa Catarina], Nova Teotonia, 27°11’B 52°23’L, 300-500 m, 1♂
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15.i.1964, Fritz Plaumann [coll.] (DAVIS), 1♂ 14.xii.1956 (AEI); São Paulo, 1♀ São
Carlos, Fazenda Canchim-mata, 714 m, 20°27’53”S 40°42’35”W, Malaise, Perioto
coll., 8-15.x.2007 (UFES), 1♀ Américo brasiliense, Clube Náutico, Vegetação de
Cerradão, Moericke, 2-5.v.2000, MT Tavares & eq. coll (UFES), 2♂ São José dos
Campos, 19-22.viii.1997, Eurico R. DePaula (EMUS), 2♂ São Paulo, 14.xi.1972,
G.E. Bohart [coll.] (MW); 1♀ Paraná, Morelos, Parque Estadual Pau Oco,
25°34’27.9”S 48°53’46.7”W, Moericke, Ponto Bosque 7, MT Tavares & eq. coll., 1114.iv.2002 (UFES); 1♂, Rio de Janeiro, xi (CMNH); 1♀ [Pernambuco], Caruaru, 900
m, J. Lima [col.], v.1972 (AEI), 1♀, xi, Brib., WB Zoologie, S.-Nr. 31416 (MLUH);
1♀ Rio de Janeiro, H. & M. Townes [col.], 5.iii.1966 (AEI); 1♀ P[araná], Morreles,
Parque Estadual do Pau Oco, 23˚34’27.9’’S 48˚53’46.7’’W, Armadilha Moericke,
ponto Bosque, M.T. Tavares & eq. col., 11-14.iv.2002 (UFES); 1♀ S[anta]
Cat[arina], Hansa Humbolt, A. Maller col., Frank Johnson Donor, iv.1948 (AMNH);
1♀ São Paulo, Américo Brasiliense, Clube Náutico, Vegetação de Cerradão,
Armadilha moericke, M.T. Tavares & eq. col., 2-5.v.2000 (UFES); 1♀ São Paulo,
São José dos Campos, E.R. De Paula [col.], 15-22.viii.1997 (EMUS Molecular
Voucher #PO791); 1♀ São Paulo, São Carlos, Fazenda Canchim-mata, Moerick,
Perioto col. (UFES); 1♀ [Rio de Janeiro], Represa Rio Grande, M. Alvarenga [col.],
iii.1968 (AEI); 1♀ Paraná, Foz do Iguaçu, M.J. & C.A. Tauber col., 9-14.vi.1996
(CUIC); 1♀, [?]: Frib., xi (MLUH); Santa Catarina, Nova Teutonia, vi.1964, F.
Plaumann coll. 1♂ (EMUS). VENEZUELA: Yacambú, 1200 m, H.K. Townes [coll.],
1♂ 7.v.1981, 4♂ 10.v.1981, 1♀ 13.v.1981 (AEI). ECUADOR: Pich., E. Sto
Domingo, 2♂ 6-12.v.1990, W.J. Hanson (EMUS), 1♂ 7-14.v.1988, 2000’, Bohart &
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Hanson [coll.] (EMUS), 1♂ Pichincha, Tinalandia, 15 km SE Santo Domingo de los
Colorados, Malaise 8A-5P, 1.vii.1982, M. Wasbauer & J. Slansky coll. (MW).
COLOMBIA: Cauca, PNN Gorgona, El Helechal, 2º58'N 78º11'W, Malaise, H.
Torres coll., 1♂ 30 m, 15.vii-9.viii.2011 (IAvH 107711), 1♂ 5 m, 6-22.iii.2001
(IAvH 107718), 1♂ 5m, 15.vii-9.viii.2001 (IAvH 107712), 1♂ 30 m, 12-28.ix.2001
(IAvH 107708), 1♂ 5 m, (IAvH 107709); Putumayo, PNN La Paya, Rio Caucaya,
0º7'S 74º56'W, Malaise, R. Cobete coll., 320 m, 19.ix-1.x.2001 (IAvH 107674).
BOLIVIA: 1♂ Dept. Beni, Rio Mamore at mouth of Rio Ibare, 20.viii.1965, J.K.
Bouseman coll. (AMNH). TRINIDAD: I. ASA Wright N.C., A. Graves [coll.], 1♂
24.iii.1980 (MW).

Eragenia micans (Fabricius)

Specimens examined. Holotype, Pseudagenia pulchricornis, ♀ BR[ITISH]
GUIANA: P. Cameron coll. 1914-110 (BMNH #19.427). Holotype, Ageniella
rufothorax, ♀ [PANAMA]: Barro Colorado, Canal Zone, 20.VII.1924, N. Banks
[col.] (MZC #15342). Allotype?, ♂ data same as holotype except I-VIII.1924 (MZC
#15342). BOLIVIA: 1♀ Santa Cruz, Rio Ichílo (Locality B), “see Bouseman field
notes in Mamology Dep.”, 24.vii.1965 (AMNH); Beni, Rio Itenez, opposite Costa
Marques (Brazil), Bouseman & Lussenhop [col.], 1♂ 1-3.ix.1964, 1♂ 4-6.ix.1964
(AMNH); 1♂ at mouth of Rio Baures, Bouseman & Lussenhop col., 1.x.1964
(AMNH); 1♀ Depto. La Paz, Prov. Nor Yungas, Vagante, 16°10.71’S 67°41.44’W,
3700 ft., S.M. Clark [col.], 11.xii.2008 (EMUS). PERU: 1♀ Pucalipa, Loreto, 200 m
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1-10.xi.1984, J. Schunke coll. (EMUS); 1♂ 300 m nr. Marcapata, L. Peña [col.], 115.x.1962 (AEI); 1♀ Monson Valley, Tingo Maria, E.I. Schlinger & E.B. Ross col.,
11.ii.1954 (CASC); 1♂ Madre de Dios, Rio Tambopata Reserve, 30 Km (air) SW
Puerto Maldonado, 290 m, 12°50’S 69°20’W, W.J. Pulawski col., 25-30.iv.1984
(CASC). VENEZUELA: San Esteban Carabobo, Pablo Anduze [col.], 2♂ 24.xi20.xii.1939 (EMUS), 2♂ 24.xi-20.xi.1989 (CUIC). PANAMA: 1♂ 1♀ Canal Zone,
Pipeline Road, W.J. Hanson, 22.iii.1982 (MW); 1♂ Barro Colorado Is., 1531.viii.1994, D. Banks coll. FIT (MW); 1♂ Tigre I, 23.v.1982, R.B. Kimsey [col.]
(UCDC); 1♀ Darien Cana, 500 m, 7˚43’N 77˚42’W, #770, 25.viii.1987, D.M. Olson
[col.] (UCDC); 1♂ Panama, Proc. Cerro, Campana, El. 2800, E. Fisher col.,
27.vii.1978 (EMUS); Barro Colorado Island, 1♂ C.W. & M.E. Rettenmeyer [col.],
26.v.1956 (MCZ), 1♂ D. Banks col., FIT, 15-31.viii.1994 (MW), 1♀ E.M. Fisher
col., 11-13.vi.1976 (MW), 1♀ K.W. Cooper [col.], 8.i.1941 (MW), R.B. & L. S.
Kimsey [col.], 1♂ 19.ix.1978 (MW), 1♀ 25.ix.1978 (MW), 1♂ 11.v.1981 (UCDC).
BRITISH GUIANA: A.W. Barlett [col.?], iii.1909 (BMNH); 1♂ Tumatumari, Potaro
R., 28.i.1927 (CUIC lot 760 sub 113). BRAZIL: Min[as] Ger[ais], nr. Timoteo,
Eurico R. De Paula [col.], 1♂ 29.vii-4.viii.1997, 1♂ 1-15.v.1999 (EMUS); Rondônia,
Fazenda Rancho Grande, 52 km S Ariquemes, E.M. Fisher collector, 1♂ 2-22.xi.1991
(MW); 1♂ 12-22.xi.1991 (MW); 1♂ M[ato] G[rosso], Corumbá, Brand’alta, 25.iv1.v.1994, Armadilha Malaise (MPEG-HYM #11091349); Rondônia, 1♂ Ouro Preto
do Oeste, 1♂ Res. do INPA, 25-28.viii.1986, Armadilha Malaise, F.F. Ramos [col.]
(MPEG-HYM #11092276), 1♂ Marg. Esquerda rio Sta. Helena, 20.iii.85, M.F.
Torres [col.] (MPEG-HYM #11091902), 1♀ Fazenda Rancho Grande, 62 Km S
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Ariquemes, S.L. Heydon [col.], 1.xii.1991 (UCDC); [Amazonas], Manaus, 1♀ R.M.
Bohart [col.], 7.ii.1976 (UCDC), 1♀ 1 Km W Taruma Falls, 100 m, C. Young [col.],
2.iii.1981 (CNMH); BA[hia], 1♂ Travessão, Malaise trap, H.J. dos Santos [col.],
25.iv.1997 (CEPLAC), 2♀ 1♂ L. Júnior, Faz. São José, Ventocilla col., #2448,
18.ii.1968 (CEPLAC), 1♂ Camacãn, Faz. Sta. Úrsula, #2743, 10.v.1969 (CEPLAC),
1♂ Uruçuca, P. Silva col., #3035, 13.i.1945 (CEPLAC), 1♀ Salvador, Represa, I.
Castro col., 7.v.2002 (MZUEFS #24315), 1♀ Serra Norte, Serraria, J. Dias [col.],
20.vi.1986 (MPEG-HYM11006153), 1♀ S. Francisco, M.F. Torres [col.], 10.xii.1977
(MPEG-HYM11091660); E[spírito] S[anto], 1♀ Linhares, Faz. 3 Marias, J.M. Abreu
col., #3177, 13.ix.1968 (CEPLAC), 2♀ 5♂ Conceição da Barra, Pq. Est. Itúnas,
18°20’S 39°40’W, Moericke trap, M.T. Tavares & eq. col., 23-25.xi.2006 (UFES),
Atílio Vivacqua, Faz. José Carlos Lustoza- Areal, 20°55’57.6’’S 41°11’22.1’’W,
Armadilha Malaise, M.T. Tavares, C.O. Azevedo & eq, 1♀ 20-27.ii.2003, 2♂ 1320.ii.2003 (UFES); 1♀ D.[istrito] F.[ederal], Res. Biol. Águas Emendadas, STP,
bandeja d’água, Amarante col., 27-30.vi.1991 (MZUSP); 1♀ GO[iás], Leop. Bulhões,
R. Spitz col., x.1937 (MZUSP); Min[as] Ger.[ais], nr. Timoteo, E.R. De Paula [col.],
1♂ 1-15.v.1999 (EMUS), 1♂ 22.vii-4.viii.1997 (EMUS), 1♀ 4-10.xi.1997 (EMUS);
1♀ [Santa Catarina], Nova Teutônia, 27°11’B 52°23’L, F. Plaumann [col.], 1♀
12.iii.1950 (UCDC), 1♂ 12.ix.1964 (EMUS); [Pará], 1♂ Santarém (BMNH); S[ão]
P[aulo], 1♀ Jaboticabal, 21°19’30’’S 48°13’05’’W, Cerrado- T9, S.R. Viel col., 1622.xi.2003 (UFES); Américo Brasiliense, Clube Naútico, cerrado, Moericke trap,
M.T. Tavares & eq. col., 1♀ 2-5.v.2000, 1♀ 26-28.iv.2000, 1♂ 10.v.2000, 1♂ 10.v2.vi.200 (UFES); Rio Grande do Sul, Pelotas, 31°44.39’’S 52°13’22’’W, 16 m,
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Malaise, F.R. Kruger col., 2♀ 18.x.2002, 1♀ 12.iii.2004, 1♀ 26.xi.2003, 1♀
4.iv.2003, 1♀ 25.x.2002 (UFES). TRINIDAD: 2♂ I. Asa, Wright N.C., 29.iii.1980,
Anthony Graves (MW). ECUADOR: 1♀ Napo Prov., Laguna Jatuncocha, 20 Km S
Nuevo Rocafuerte on Rio Yasuni, Finnamore, Thormin, Blades & Wojcicki [col.],
pan trap, 7.ii.1986 (PMAE). COSTA RICA: 1♂ Guan[acaste], 3 Km SE Naranjo,
F.D. Parker [col.], 21-30.iv.1992 (EMUS), 1♂ Puntarenas, Manuel Antonio N.P., L.
Masner [col.], 28.viii.1986 (PMAE). FRENCH GUYANA: 2♀ Kourou, Degrad
Saramaka, Km 5, 05°08’593’’N 52°42’412’’W, alt 13 m, D. Favre [col.], ix. 2005
(EMUS), 1♀ Montagne de Kaw., 174 m, nr. Km 41 SE Cayenne, 4.58°N 54.10°W,
I.J. Beieri [col.], 9.ii.1994 (EMUS). COLOMBIA: Cauca, PNN Gorgona, 2º58'N
78º11'W, Malaise, H. Torres coll., 1♀ El Helechal, 30 m, 23.vi-15.vii.2001 (IAvH
107714); 1♀ Alto el Mirador, 180 m, 8-30.xi.2000 (IAvH 107715), Putumayo, PNN
La Paya, Cabaña Chagra, 0º7'S 74º56'W, Malaise, R. Cobete coll., 320 m, 1530.x.2001 (IAvH 107668); 1♂ Magdalena, PNN Tayrona, Centro Administrativo,
11º20'N 74º2'W, Malaise, R. Henriquez coll., 30 m, 30.xi-16.xii.2001 (IAvH
107732).

Eragenia aureicornis (Smith)

Specimens examined. Holotype, Agenia aureicornis, ♀ [BRAZIL]: [Pará],
Santarem (BMNH #19.429). Holotype, Ageniella delila, ♀ B[RITISH] G[UIANA]:
Kartabo, VI-VIII.1920, W. M. Wheeler [col.] (MZC #26182). Holotype, Ageniella
bequaerti, ♀, COLOMBIA: Muzuo, Dept. Boyaca, alt. 900m, VI.1936, J. Bequaert
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col. (MZC #26607). Syntype?, Eragenia infelix, ♀, ARGENTINA: Iguazu Falls, 2022.i (CUIC). GUYANE FRANÇAISE: Korou, Degrad Sara myka, Km 5,
05°08’593’’N 52°42’411’’W, 13 m, D. Favre col., 1♀ ix.2003 (EMUS), 1♀ xi.2004
(EMUS); Kourou, Pilate Soumourou, Malaise trap, D. Fauré col., 1♀ ix.2003, 1♀ 715.vi.2001, 2♀ xi.2001 (RW); 1♀ Sinnamary, Pointe Combi, Malaise, J. Cerda, 815.ii.2000; 2♀ Yalimapo, Les Hattes, Ecloserie du WWF, rec. Babin Régis, Piège
Malaise dans praire en bordure de fôret, 5˚45’N 53˚55’W, 22.vi-29.vi.1996, Braet
Yves col. (RW). COSTA RICA: 1♀ Guan[acaste], Finca Montezuma, 3 Km SE Rio
Naranjo, F.D. Parker [coll.], 19-24.iii.1993 (MW). FRENCH GUIANA: 1♀ Pointe,
Combi, 52˚57’W 5˚18’N, Malaise trap, réc. Ph. Cerdan, 18-27.vii.2000 (RW).
ECUADOR: 1♀ Sucumbios, 0.5°S 76.5°W, 290 m, Sacha Lodge, Malaise trap, P.
Hibbs [col.], 24.iii-4.iv.1994 (EMUS), 1♀ Loma, Union, Ca, 12 Km SW Esmera
Idas, Em., Brandão & Bastidas [col.], 5.xi.1987 (MZUSP); Napo Prov., 1♀ Yasuni
Res. Sta., 0°40.566’S 076°23.851’W, 250 m, M.T., C. Brammer [col.], 4-9.v.2003
(EMUS); Napo Prov., 1♀ Huahua Sumaco, Km 45 on Hollin –Loreto road, Malaise
trap, M. & J. Wasbauer & H. Real [col.], 14.xii.1989 (MW). BOLIVIA: 1♀ Beni, Rio
Itenez at mouth of Rio Baures, Bouseman & Lussenhop col., 29-30.ix.1964 (AMNH).
PERU: 1♀ 30 m nr. Marcapata, L. Peña [col.], ix.1962 (AEI); 1♀ Cuzco Dep.,
Quincemil, 750 m, Penã [col.], 5-16.xi.1962 (MCZ); Madre de Dios, 400 m, Peña
[col.], 3♀ 10-30.ix.1962 (MCZ), 3♀ 1-15.x.1962 (MCZ). BRAZIL: 1♀ Espírito
Santo, CVRD, rés. Linhares, 40 km N-NE Linhares, 19˚09’47.1” 40˚01’16.6”W
(St.1), 16-23.x.1999 (RW); 1♀ M[ato] Grosso, 12°31’S 55°37’W, M. Alvarenga
[col.], ii.1976 (AEI); 1♀ TO[cantins], Lizarda, Faz. Serra Dourada, 09˚26’08.6’’S
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46˚50’11.4’’W, R.R. Silva & R.S.M. Feitosa [col.] (MZSP); 1♀ Rondônia, 62 Km SE
Ariquemes, 22-31.x.1997, W.J. Hanson [col.] (EMUS), Ouro Preto do Oeste, F.F.
Ramos [col.], 1♀ Armadilha suspensa 15 m, 3-5.ix.1986 (MPEG-HYM#11090899),
1♀ Armadilha suspensa 15 m, Linha-212, Lote 36, Gleba 21-B, 29.i-1.ix.1986
(MPEG-HYM#11091266), 1♀ Res. do INPA, Armadilha suspensa 1.6 m, 2325.viii.1986 (MPEG-HYM#11090465); 1♀ Maranhão, Imperatriz, Ribeirãozinho,
Armadilha Malaise, F.F. Ramos [col.], 5-10.viii.1989 (MPEG-HYM#11091900); 1♀
BA[hia], Camamu, Boa Esperança, (04), 19.xi.2002 (CEPLAC); Pará, 1♀ Serra
Norte, N.1 Canga, Armadilha suspensa 1.6 m, 10-13.viii.1984 (MPEGHYM11005906), 1♀ Serra Norte, IG, Fofoca, Armadilha suspensa 20 m, 1114.viii.1984 (MPEG-HYM11005823), 1♀ Peixe, BDI, Armadilha suspensa, I.S.
Gerayeb [col.], 5.vii.1982 (MPEG-HYM11092270), 1♀ Bragança, Ajuruteua,
Armadilha suspensa 1.6 m, Gorayeb [col.], 30.viii-4.ix.1988 (MPEGHYM11090410), 1♀ Benevides, Faz. Morelândia, W. França [col.], Armadilha
suspensa 4 m, 17-20.ix.1991 (MPEG-HYM#11090469); 1♀ A[ma]P[á], Curiau,
Armadilha suspensa 4 m, I.S. Gorayeb [col.], 19.xi.1981 (MPEG-HYM11092035).
COLOMBIA: 1♀ Vichada, PNN Tuparro, Pie Cerro Tomas, 5º21'N 67º51'W, 250 m,
Malaise, I. Gil coll., 22.v-3.vi.2001 (IAvH 107635). TRINIDAD: 1♀ Arima, Simla
Biol. Sta. 1200’, 7-8.iii.1982, M. S. Adams [coll.] (CUIC).

Eragenia abdominalis (Smith)
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Specimens examined. Holotype, Agenia abdominalis, ♀ “Tourn. Ent. 11.” 2/15
(BMNH #19.428). BRAZIL: 3♂ M[ato] Grosso, 12˚31’S 55˚37’W, M. Alvarenga
[col.], x.1974 (AIE); Pará, 1♂ Serra Norte, Serraria, Malaise, 7-10.ix.1983 (MPEGHYM11006033); Belém, 1♂ APEG, F.F. Ramos [col.], 28.vi.1989 (MPEGHYM11092268), 1♂ Utinga, L. Hock [col.], 27.vi.1977 (MPEG-HYM11092019); 1♀
Rondônia, Ouro Preto do Oeste, Res. do INPA, F.F. Ramos [col.], Malaise, 2325.viii.1986 (MPEG-HYM11090505). PERU: 1♀ Madre de Dios, 400 m, Pena [col.],
10-30.ix.1962 (MCZ).

Eragenia isolata (Banks)

Specimens examined. Holotype, Ageniella isolata, ♀ [PANAMA]: Barro
Colorado, Canal Zone, 20.VII.1924, N. Banks [col.] (MZC #15343). Paratype, 1♀
data same as holotype, except 15.VII.1924. PANAMA: Canal Zone, Barro Colorado
I., D. Banks [col.], FIT, 1-14.viii.1994, 1♀ (UTIC); [?]: 1♀ [Amazon], Sto Paulo de
Olivença, M. de Mathan, vi-vii.1883. FRENCH GUIANA: 2♂ Yalimapo, Les Hattes,
Ecloserie u WWF, 30.vi/6.vii.1996, Babin Régis col. (RW); 1♂ Saül, Pont Belvédère,
xii.2000, Malaise, J. Tarin & Y. Braet col. (RW); 3♂ Remire, Pointe Mahury,
Malaise trap, 10-16.xi.1997 (RW). COSTA RICA: Puntarenas Prov., Golfito, Malaise
trap, 8AM-5PM, M. Wasbauer col., 2♂ 27.vi.1976, 1♂ 29.vi.1976, 1♂ 1.vii.1976, 1♂
2.vii.1976, 1♂ 4.vii.1976, 2♂ 28.vi.1976; Puntarenas, Reser. For. Golfo Dulce, 24
Km W Piedras Blancas, 200 m, Malaise trap, P. Hanson [col.], 1♀ 1.1992, 6♂
ii.1992, 1♂ 1♀ iii.1992, 1♂ v.1992; Res. For. Golfo Dulce, 3 Km SW Rincon, 10 m,
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P. Hanson [col.], 1♂ xii.1992, 8♂ 1♀ iii.1993, 1♂ i.1992, 1♀ ii.1992, 3♂ iv.1993, 1♂
iii.1993, 1♂ xii.1992, 1♂ xi. 1991, 1 ♂ xii.1991 (MW); 1♂ Heredia, Rio Frio,
Banana, 100 m, Quiros & Hanson [col.], x.1989 (EMUS). ECUADOR: Napo
Province, Huahua Sumaco, Km 45, on Hollin-Loreto road, Malaise trap, M. & J.
Wasbauer & H. Real [col.], 1♂ 20.xii.1989 (MW), 1♂ 15.xii.1989 (MW), 1♂
17.xii.1989 (MW); Sucumbios, Rio Napo, Sacha Lodge, 0.5˚S 76.5˚W, 290 m, P.
Hibbs [col.], 1♂ 27.viii-ix.1994 (AEI), 1♂ 3-13.vii.1994 (AEI); 1♀ Napo, Yasuni
Res. Sta, 250 m, M.T., 0˚40.566’ S 076˚23.851’W, 30.ix-14.x.2002, C. Brammer
[col.] (EMUS). TRINIDAD: 1♀ Simla Res. Sta. 3.6 Km N Arima, 200 m elev., ex
Malaise, 2.iv.1987, Trinidad Field Party 1987 (CUIC); Curepe, Malaise trap, 1♀
15.ii.1979, 1♀ 23.iii.1978, 2♂ 15.vii.1978, 1♂ 29.vi.1978, W. & E. Mason [col.], 1♂
10.ii.1978, 1♂ 1-3.xii.1977, 2 ♂ 19-23.iii.1979, 1♂ 22.ii.1978, 1♂ 1.ii.1978 (MW);
1♂ I. Asa, Wright N.C., A. Graves [col.], 29.iii.1980 (MW); 1 ♂ W.I. Saugre-Grande,
Turure Rd., iv.1969 (MW); 1♂ I. Simia Res. Sta., Hanson & Clemons [col.], 215.vi.1981 (EMUS). BRAZIL: 2♂ RO[ndônia], Candeias do Jaman, Batalhão de
Polícia Ambiental, BR364 Km 2, 102 m, 8˚47’S 63˚42’W, D.F. Mugrabi col.,
Malaise, 28.i-04.ii.2006 (UFES); Rondônia, 62 Km SE Ariquemes, W.J. Hanson
[col.], 1♀ 5-16.xi.1996 (EMUS), 1♂ 17-24.iii.1989 (MW);1♀ Pará, Melgaço,
Caxiuanã – ECFPn, A. Hook, W. Overal & C.K. Starr [col.], 4-8.viii.2000 (MPEGHYM 11092049); 1♀ MA[ranhão], Imperatriz, Ribeirãozinho, Malaise, , F.F. Ramos
[col.], 2-5.viii.1989 (MPEG-HYM 11091878); 1♂ D.[istrito] F.[ederal], Cab. Do
Veado, 1000 m, Mal. Trap, 14-30.x.1971 (MW); 3♂ 1♀ Amazonas, 71°38’W 4°33’S,
Alvarenga [col.], ix.1979 (AEI). PERU: Quincemil, L. Peña [col.], 3♂ 750 m nr.
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Marcapata, 20-30.x.1962, 2♂ 30 m nr. Marcapata, 750 m nr., 4♂ ix.1962, 1♂ 115.x.1962, 1♂ 10-15.xi.1962 (AEI); 1♂ Madre de Dios, 400 m, L. Peña [col.], 1030.ix.1962 (MCZ). COLOMBIA: 1♀ Magdalena, PNN Tayrona, Cañaveral, 11º20'N
74º2'W, Malaise, R. Henriquez coll., 30 m, 30.viii-19.ix.2000 (IAvH-E 107733);
Amazonas, 3°23’S 70°6’W, 150 m, Malaise 1, D. Chota Leg., 1♂ PNN Amacayacu
Matamata, 19.xi-3.xii.2001, M.2764 (IAvH-E 107609), 1♀ PNN Amacayacu San
Martín, 15.x-5.xi.2001, M.2764 (IAvH-E 107610), 1♀ PNN Gorgona El Helechal, 725.v.2001, M.1846 (IAvH-E 107698), 1♀ 6-22.iii.2001, M.1478 (IAvH-E 107700);
Cauca, PNN Gorgona, 2º58'N 78º11'W, Malaise, 1♀ Antigua Laguna, R. Duque coll.,
70 m, 6-20.ix.2000 (IAvH-E 107671), 1♀ 9-27.viii.2001, 1♂ Alto el Mirador, H.
Torres coll., 180 m, 6-20.ix.2000 (IAvH-E 107722); 1♂ El Helechal, 2º58'N
78º11'W, Malaise, 30 m, R. Duque coll., 22.iii-13.iv.2001 (IAvH-E 107771), 1♂ T.
Helmer coll., 13.iv-7.v.2001 (IAvH-E 107723); 1♀ Chocó, PNN Utria, Centro de
Visitantes, 6º1'N 77º20'W, Malaise, 2 m, J. Pérez coll., 26.xii.2000-1.ii.2001 (IAvH-E
107763); 1♀ Vichada, PNN Tuparro, Centro Administrativo, 5º21'N 67º51'W,
Malaise, 100 m, W. Villalba coll., 15-19.vii.2000 (IAvH-E 107625); Cundinamarca,
PNN Sumapaz, Jardín Botánico, 3º48'N 73º56'W, Malaise, H. Vargas coll., 1♂ 424.i.2002 (IAvH-E 107681); Putumayo, PNN La Paya, Cabaña Viviano Cocha, 0º7'S
74º56'W, Malaise, 320 m, R.Cobete coll., 1♂ 1-15.xi.2001 (IAvH-E 107661), 1♂ 1530.x.2001 (IAvH-E 107660).

Eragenia congrua (Fox)
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Material examined. Holotype, Salius (Priocnemis) congruus, ♀ BRAZIL: [Pará],
Santarém. Acc. No. 2966 (CMNH). FRENCH GUIANA: Kaw, Camp Patawa
4˚31’N-52˚05”W, Malaise trap, J. Cerda col., 1♀ xii.2001, 1♀ viii.2002, 1♀ viiiix.1999, 1♀ iv.1999, 1♀ xi.2002 (RW); 1♀ Kourou, Montagne des Pànes, vi-vii.2003
(RW); 1♀ Kaw Mountains, 300 m, pan trap, Keijo Sarv rainforest edge (along rd),
8.vii.2006 (EMUS); 1♀ Montagne de Kaw, relais Patawa, Malaise, ii.2001, J. Cerda
coll. (RW). BRAZIL: M[ato] Grosso, Sinop., 12˚31’S 55˚37’W, M. Alvarenga [col.],
1♀ x.1974, 1♂ x.1975 (AEI); 1♂ Maranhão, Imperatriz Bananal, F.F. Ramos [col.],
Armadilha suspensa 1.6 m, 13-15.vii.1988 (MPEG-HYM11090914); 1♂ BA[hia],
Gandú, Faz. P. Branca, Ventocilla col., 7.xi.1969 (CEPLAC #2956); 1♂ Rondônia,
Ouro Preto do Oeste, Armadilha suspensa 1.6 m, F.F. Ramos [col.], 1-4.iv.1985
(MPEG-HYM11092047); Rondônia, 1♀ Ouro Preto do Oeste, F.F. Ramos [col.], 13.ix.19861 (MPEG-HYM11090509), 62 Km SE Ariquemes, W.J. Hanson [col.], 1♀
7-18.xi.1995 (EMUS), 1♀ 5-16.xi.1996 (EMUS), 1♀ 180 m, 17-24.iii.1989 (MW),
1♀ Res. do INPA, Armadilha suspensa 1.6 m, 25-28.viii.1986 (MPEGHYM11090503); Pará, 2♂ J.F. Reinert [col.], x.1974 (FSCA), 1♂ Tucurui, Rio
Tocantins, Cahoal, armadilha suspensa 1.6 m, 28-31.iii.1984 (MPEG-HYM
11091889), Belém, 1♂ Km 90 FS Antônio, M. Helena col., 30.vii.1972 (MPEGHYM11091381), 1♂ Floresta APEG, Armadilha suspensa 15 m, I.S. Goraves col.,
15-22.vii.1983 (MPEG-HYM11092031), Serra Norte, 1♂ Estação do Manganês,
armadilha suspensa 2 m, 12.v.1984 (MPEG-HYM11006179), IG-Fofoca, Armadilha
suspensa 1.6 m, 1♂ 14-17.viii.1984 (MPEG-HYM11005934), 1♂ 20-23.viii.1984
(MPEG-HYM11005886), 1♂ 7-10.ix.1985 (MPEG-HYM11006007), 1♂ Fofoca,
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Armadilha suspensa 2 m, J. Dias [col.], 19-23.ix.1985 (MPEG-HYM11005904), 1♂
13-16.ix.1985 (MPEG-HYM11005894), 1♂ FLAV6, Jarbas [col.], 28.x.1984
(MPEG-HYM11005862), Pará, Manganês, Armadilha suspensa 1.6 m, 1♂ 2024.vi.1985 (MPEG-HYM11006001), 1♀ Santarém, Acc. No. 2966 (CMNH), 1♀
Melgaço, Caxiuanã, ECFPn, O. Silvera & J. Pena [col.], Armadilha Malaise, Mata da
Sede, 21.xi.1998 (MPEG-HYM11091353), Serra Norte 1♀, N-3, J. Dias [col.],
25.vi.1985 (MPEG-HYM 11006112), 1♀ Bat. Manganês, F.F. Ramos [col.], 59.ix.1983 (MPEG-HYM 11006027), 1♀ Tucurui, Rio Tocantins, Saúde, Armadilha
suspensa 15 m, 5-7.vi.1984 (MPEG-HYM11092266), Belém, 1♀ Mocambo, M.F.
Torres [col.], 9.xii.1977 (MPEG-HYM11092018), 1♀ 21.ix.1978 (MPEGHYM11092041), 1♀ Utinga, L. Hock [col.], 24.vi.1977 (MPEG-HYM11092012), 1♀
Floresta APEG, I.S. Gorayeb col., Armadilha suspensa 1.6 m, 7-11.iv.19831 (MPEGHYM11092644); Amazonas, 1♀ 71˚38’W 4˚33’S, Alvarenga [col.], ix.1979 (AEI).
ECUADOR: Napo, Misahualli, nr. Tena, S. & P. Keller [col.], 1♀ 26.viii-2.ix.2000
(EMUS), 1♂ Sucumbios, Rio Napo, Sacha Lodge, 0.5˚S 76.5˚W, 290 m, P. Hibbs
[col.], 3-13.vii.1994 (AEI). VENEZUELA: Rio Claro, H.K. Townes [col.], 12.v.1981
(AEI). PERU: 1♀ Monson Valley, Tingo Maria, E.I. Schlinger & E.S. Ross col.,
29.xi.1954 (MW); 1♀ Quincemil, Cuzco, Dep. 750 m, 16-31.x.1962, Pena [coll.]
(MCZ); 1♀ (Madre de Dios), 400 m, 10-30.ix.1962, Pena [coll.] (MCZ).
COLOMBIA: 1♀ Meta, Res. Nat. El Caduceo, 3˚40’N 73˚39’W, YPT, forest, 1400’,
3-8.i.2012 (IAvH); Cundinamarca, PNN Sumapaz, Jardín Botánico, 3º48'N 73º56'W,
Malaise, H. Vargas coll., 1♀ 4-24.i.2002 (IAvH 707682).
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Eragenia tabascoensis (Cameron)

Material examined. Holotype, Pseudagenia tabascoensis, ♂ [MEXICO]: Tabasco,
Teapa (BMNH #19457 - destroyed). Neotype, Eragenia tabascoensis, ♂ MEXICO:
Veracruz, Est. Biologia Los Tuxtlas, 18˚05.107’N 95˚04.506’W, FITMT, 1112.v.2011J. Rodriguez & K.A. Williams col. (BMNH). Holotype, Ageniella rufula,
♀ COLOMBIA: Cincinnati, San Lorenzo Mt., Minca to Cincinnati, 29.XII.1922,
Bequaert col. (MCZ #26606). BELIZE: Corozal District, Sarteneja, 1♀ Milpa de
Balbo Farmland, Malaise trap 9, N18˚18.074’ W88˚14.388’, 11ft., 17.xii.2009, C.
Schüepp col. (RW); 1♂ Ramonal Milpa Farmland, Malaise trap 10, N18˚16.33’
W88˚16.578’, 8 ft., 4.ii.2010, C. Schüepp col. (RW); 1♀ Toledo Dist., Blue Creek,
1.ii.1982, A. T. Finamore [col.], 1984.181 (PMAE). NICARAGUA: 2♂ Granada,
Volcano Mombaco, San Joachin, Malaise trap, 31.iii.1998, J. M. Maes (RW).
ECUADOR: 1♂ Guayaqil, iii.1901, Buchwald [col.]. HONDURAS: 1♂ Atlantida,
Lancetilla, Tela, 15˚43’N 87˚27’W, 30.v.1995, R. Cave [col.], Malaise trap in
lowland rain forest (MZLU); 1♂ Olancho, Catacamas, 15˚ 50’N 85˚ 51’W, viii.1995,
R. Cave leg., Malaise trap in lowland gallery forest (MZLU); 1♀ Pich., E Sto.
Domingo, W.J. Hanson [col.], 6-12.v.1990 (EMUS). GUATEMALA: 1♀ Banana,
2.ii.52, Brownsville, TX 71969, 52-1928 (USNM #2051166); Peten, 10 Km E Flores,
Will Pitt [col.], 1♂ 25.iv-10.v.2001 (EMUS); 1♀ Veracruz, 6.5 Km NE Catemaco,
300 m, E. Fisher & P. Sullivan [col.] (MW); 1♂ Quintana Roo, L. Magner, YPT, 2728.ii.2004 (EMUS). MEXICO: 1♂ Quintana Roo, 27-28.ii.2004, L. Magner [col.],
YPT (EMUS); Jalisco, Puerto Vallarta, G.E. Bohart [col.], 1♂ 25.i.1984, 2♂
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8.xii.1984, 1♀ 7.xii.1985 (MW); 2♂ 2♀ Careyes, F.D. Parker [col.], 12-19.iii.1997
(EMUS); 6♂ Chiapas, Palenque, Hanson & Bohart [col.], 10.ix.1974 (MW); 1♂
Morelos, 2.5 Km N, 4 Km O Huautla Estación CEAMISH, 18˚27’0.671 N
99˚02’0.475 O, Rodriguez, A. col. s/45 RA, 13.iv.1996 (Chamela); 1♂ Chiapas,
Ocosingo Montes Azules, L. Cervantes [col.], 30.v.1999 (UNAM); Veracruz, Est.
Biologia Los Tuxtlas, 18˚05.107’N 95˚04.506’W, Pan trap, J. Rodriguez & K.A.
Williams col., 2♀ 13-14.v.2011, 1♂ 11-16.v.2011. COLOMBIA: Valle del Cauca,
PNN Farallones de Cali, Anchicaya, 3º26'N 76º48'W, Malaise, S. Sarria coll., 1♂ 650
m, 28.vii-11.ix.2001 (IAvH 107687), 1♀ 730 m, 3-17.vii.2001 (IAvH 107689).
COSTA RICA: 1♂ Estrella Valley, Pandora, 20.xi.1984, H.+, A. Howden [col.]
(PMAE); Alaj., Bijagua 20 Km S Upala, F.D. Parker (col.) 3♀ 13.xii-9.i.1991, 1♀
12.v.1991, 1♀1♂ 1-15.vii.1991, 1♀2♂ 19.iii.1991, 1♀ 22.xi-13.xii.1990, 1♀ v.1990,
1♀ 12.iv.1991, 2♀ 14-16.viii.1990, 1♀ 11.xii.1990, 1♀ 8.i.1991, 2♀1♂ 25.xii.1990,
1♀ 16.i.1991, 1♀ 26.iii-12.iv.1991, 1♀ 20.ix.1990, 1♀ 20.i.1991, 1♀ 2.iv.1991, 1♀
vii.1990, 1♀ 22-31.v.1991, 1♀ 20-26.iii.1991, 1♀ 29.i.1991, 1♀ 20.i-12.ii.1991,
2♀1♂ 30.xii.1990, 1♀ 1-10.ii.1992, 1♀ 11-22.vi.1992, 1♂ 12.ii.1991, 1♂ vi.1990,
1♂ 6.i.1991, 1♀ 29.iv.1991, 1♀ 19.ii.1991, 1♀ 10-21.v.1991, 2♀ 10-29.v.1991, 1♀
24.i.1991, 1♀ 11-21.vii.1991, 1♂ 22.i.1991, 1♂ 5.iii.1991 (EMUS), 1♂ 14.ii.1991,
1♀ 23.x.1990, 1♀ 16-23.viii.1990, 1♂ 7.viii.1990 (MW); Guan[acaste], Finca
Montezuma, 3Km SE Rio Naranjo, F.D. Parker [col.] (EMUS), 1♀1♂ 1-5.vi.1992,
1♀ 11.v.1992, 3♀ v.1992, 1♀ 16-21.vi.1993, 1♀ 8.v.1992, 1♀ 1.v.1992, 1♀ 2224.vii.1992, 2♀ 29.v.1992, 1♀ 3.vi.1992, 1♀1♂ 11-20.viii.1992, 1♀ 18-28.iv.1993,
4♀ 15-19.iii.1993, 1♀ 21-30.xi.1992, 1♀1♂ 1-10.viii.1992, 2♀ 12-22.iii.1992, 1♀
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xi.1991, 1♀ 8-12.vi.1993, 1♀ 3-6.v.1993, 1♀ 11-20.vii.1992, 1♀2♂ 18-23.vi.1993,
1♀ 14-15.vii.1993, 1♀ 1-14.ix.1993, 1♀ 1-5.iii.1993, 4♀ 22-30.iii.1992, 2♀ 2226.ii.1993, 1♀ 11-20.ix.1992, 1♀2♂ 4-6.viii.1993, 1♀ 14-20.viii.1993, 1♀ 19.v.1993,
1♀ 21.v.1992, 1♀ 1.ii.1993, 1♀ 21-28.xii.1992, 1♀ 21-30.ix.1992, 1♀ 21-30.iv.1992,
4♀1♂ 1-6.iv.1993, 2♀ 18-28.iv.1993, 1♀ 1-11.iii.1992, 1♀1♂ 1-10.ix.1992, 3♀1♂
10-19.ii.1992, 1♀ 18-21.ii.1993, 1♀ 24-31.x.1991, 1♀ 22-24.vii.1992, 1♀ xii.1991,
2♀ 1-5.vi.1992, 1♀ vii.1992, 1♀ 1.xi.1991, 1♀2♂ 17-24.vi.1992, 1♀ 1-10.ii.1992,
1♂ 18-28.iv.1993, 1♂ 11.i.1993, 1♂ 29.v.1992, 1♂ 27.v.1992, 2♂ 21-30.vi.1992,
1♀2♂ 1-10.vi.1992, 1♂ 28.vi.1992, 1♂ 25-28.vi.1992, 1♂ 22-25.i.1993, 1♂ 2225.i.1993, 1♂ 11.iv.1993, 3♂ 11-20.xii.1990, 1♂ 22-24.vi.1992, 1♂ 21-30.vi.1992,
1♂ 21-28.iii.1993, 1♂ 11-20.vi.1992, 1♀ 8-15.vi.1992, 1♀ 19-22.ii.1993, 3♀1♂ 1118.iv.1993, 1♂ 5-9.vii.1993, 1♂ 1-10.vii.1992; Guanacaste, W Volcan Orosi,
Estacion Maritza, 600 m, P. Hanson [col.] (MW), 5♀9♂ iv.1990, 3♀16♂ 1989,
4♀16♂ 1988; S. J. Escazu, G.E. Bohart [col.] (MW), F. D. Parker [col.], 8.ii.1987,
1♂ (MW), 1♀ 14-20.v.1998, 1♂ 1-8.iv.1988, 1♂ 8-18.iii.1988 (EMUS); 2♂ San Jose
Ciudad, Colon, 800 m, Fournier & Hanson [col.], iii-iv.1990 (MW); 1♀ 80/103 Prov.
Cartago, Turrialba, Catie, Malaise trap, Reventazon Gorge, elev. 600 m, 10.xi.80, J.B.
Wooley [col.] (MW); 1♀ Cartago Prov., Turrialba, Malaise trap, 8AM-5PM, M.
Wasbauer col. (MW); Guan[acaste], EJN 14 Km S Cañas, F.D. Parker (MW), 2♀ 2223.i.1990, 1♀1♂ 14-15.ii.1990, 1♀1♂ 27-28.ii.1990, 1♀ 18-23.v.1991, 1♀1♂ 68.iii.1990, 1♀ 17.iii.1991, 2♂ 7-8.iv.1990, 1♂ 2-5.iv.1990, 2♂ 26-27.i.1990, 1♂ 2930.iii.1990, 1♂ 13-17.iv.1990, 1♂ 17.i.1991, 1♂ 8-14.iv.1991 (EMUS); Limón, 4 Km
NE Bribri, 50 m, P. Hanson [col.], 1♀2♂ vii-ix.1990, 1♀ ix-xi.1989 (MW); 2♂
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Limón, 7 Km SW Bribri, 50 m, P. Hanson [col.], xii-1989-ii.1990 (MW); 1♂ Limón,
16 Km W Guápiles, 400 m, P. Hanson [col.], iv-v.1989 (MW); 1♀ Guan[acaste], S.
Cañas, 11-15.iii.1989, F.D. Parker [col.] (MW); Guan[acaste], S. Rosa Park,
Riparian, D.H. Janzen [col.], 1♀ 12.ix.77, 1♂ 20.xii.76, 1♂ 23.i.77 (AEI); Sirena,
Osa Pen., vii.77, D.H. Janzen [col.], 1♀1♂ (AEI); 1♂ Guan.[acaste], S. Rosa Park,
Dry Hill, 10.i.78, D.H. Janzen [col.] (AEI); Limón, P. Nac. Tortuguero, Est. 4Esquinas, Solano [col.], 1♀6♂ vi-viii.1989, 6♂ iv-v.1989, 1♀3♂ ix-x.1989 (MW);
Heredia, 3 Km S Puerto Viejo, Estac. Biol. La Selva, 100 m, P. Hanson [col.], 1♀
xii.1992, 1♂ ii.iii.1993 (MW); Heredia, 3 Km S Puerto Viejo, Estac. Biol. La Selva,
100 m, Malaise, P. Hanson [col.], 1♂ ix.1992, 1♂ iv-v.1993, 1♂ xi.1992, 1♂ xii.1992
(MW); Heredia, Est. Biol. La Selva, 50-150 m, 10˚26’ N 84˚01’ W, 3♀ P. Hanson &
C. Godoy [col.] (MW), 1♂ bosque secundario, 1.vii.1993, INBio-OET, M/02/137
(INBIO CRI001 277831), 2♂ 11-17.vi.1986, G. Bohart & W. Hanson [col.] (MW);
Heredia, 1♀ Finca La Selva, 3 Km S Pto. Viejo, collected in flight trap, 2628.vii.1976, E.M. Fisher col. (MW), 1♀2♂ Chilamate, 75 m, vii-viii.1989, P. Hanson
col. (MW); 1♀ Guanac[aste], Estac. Pitilla, 9 Km S Santa Cecilia, 700 m, v.1989, I.
Gauld [col.] (MW); 1♀1♂ Guanacaste, NW Volcan Orosi, Cerro el Hacha, 300 m,
1988 (MW); Puntarenas, 2♂ San Vito, Jardin Bot., Las Cruces, 1,200 m, P. Hanson
col., xii.1998 (MW), 1♀ San Vito, Estac. Biol. Las Alturas, 1500 m, P. Hanson &
Godoy [col.], vi.1992 (MW), 5♂ Pen. Osa. Rancho Quemado Rivera, Rio Riyito, 200
m, Quiros & Hanson [col.], xi-xii.1990 (MW), 3♂ R. B. Carara Laguna meandrica,
Quebrada Mana, 50 m, P. Hanson [col.], v-vi.1990 (MW), Golfo Dulce, 3 Km SW
Rincon, 10 m, P. Hanson [col.] 2♂ vi-viii.1989, 1♂ iii-v.1989 (MW), 1♂ P. Nac.
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Corcovado, Est. Sirena, 50 m, iv-viii.1989 (MW); 4♂ Guanacaste, Arenales, W side
Volcan Cacao, 900 m, P. Hanson [col.], xi-xii.1990 (MW); 2♀ Estrella Valley,
Pandora, 1-16.iii.1984, H. Howden & G. Manley [col.] (PMAE); 1♀ Guanacaste
Prov., Penas Blancas, 600 m, iv.1986, rain forest, pan trap, A. Forsyth [col.] (PMAE);
1♀ Alajuela Cord. Tilaran, 700 m, Penas Blancas, mt., ii.1987, E. Cruz [col.]
(PMAE); 1♂ San Jose, San Antonio de Escazu, 1,300 m, W. Eberhard col., ii.1989
(MW); 2♀ Alajuela San Pedro de la Tigra Cacao, 200 m, Cespedes & P. Hanson
[col.], iii-iv.1990 (MW); 1♀ Guanac[aste], Sotobosque, W side Volcán Cacao, 1100
m, I. Gauld [col.], ii.1989 (MW).

Eragenia coerulipes (Smith)

Specimens examined. Holotype, Agenia coerulipes, ♀ No label information
(BMNH #19424 - Destroyed). Neotype, Eragenia coerulipes, ♀ COSTA RICA: San
Jose, Ciudad Colon, 800 m, iii-iv.1990, Fournier & Hanson [col.] (BMNH). COSTA
RICA: Alaj., Bijagua, 20 Km S Upala, F.D. Parker [col.], 1♀ 9-17.i.1991 (EMUS);
Puntar[enas], Golfito, 1♀ E.M. Fisher coll., 27-28.vii.1975, 1♀ Malaise trap, 8AM5PM, 1.vii.1976, M. Wasbauer col. (MW); Puntarenas, Reser. For. Golfo Dulce, 3
Km SW Rincon, P. Hanson [col.], Malaise trap, 2♀ iii-iv.1992, 100 m, 2♀ 10 m,
iii.1993 (MW); San Jose, Ciudad Colon, 800 m, Fournier & Hanson [col.], 1♀ vivii.1990, 1♀ iii-iv.1990 (MW); Heredia, Est. Biol. La Selva, 50-150 m, 10˚26’N
84˚01’W, INBio-OET, 1♀ 21-23.iv.1989, H. A. Hespenheide [col.] MT #137 (MW),
1♀ bosque primario, M/05/252, 1.xi.1993 (CRI001 #236618), 1♀ bosque secundario,
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M/02/361, 1.iii.1994 (CRI001 #270801). GUATEMALA: Sta. Emilia, Pochuta, 1,000
m, J. Bequaert [col.] 1♀ ii-iii.1931 (MCZ). [PANAMA]: Canal Zone, Juan Gallegos
ls., vi.81, B. Gill [col.] 1♀ (AEI); Panama Prov., cerro Jefe, 18.ix.1976, R.B. & L.
Kimsey [col.] 1♀ (UCDC). COLOMBIA: Cauca, PNN Gorgona, Alto el Mirador,
2˚58’N 78˚11’W, 180 m, Malaise, H. Torres coll., 1♀ 10-26.vi.2000 (IAvH 107704).

Eragenia oliva Waichert & Pitts, sp.n.

Specimens examined. Holotype, ♀ C[OSTA] Rica: Guanacaste, W. side Vol.
Orosi, Estacion Maritza, 600 m, 1988. Allotype, ♂ COSTA RICA: San Jose Ciudad
Color, 800 m, Fournier & Hanson [col.], iii-iv.1990 (MW). Paratypes. BELIZE:
Corozal District, Sarteneja, 11ft, C. Schüepp leg., 1♀ Milpa de Babo Farmland,
Malaise trap 9, N18˚18.074’ W88˚14.388’, 24.xii.2009 (RW), 1♂ Fireburn Forest,
Malaise trap 15, N18˚ 12.633’ W88˚11.556’, 28.i.2010 (RW). MEXICO: Chiapas,
Muste nr. Huixtla, E. Welling [col.], 1♀ 19.xi.1970 (MW); 1♀ Sonora, Rancho El
Cajon, 40 Km E Alamos, Malaise on sand bench of Rio Cuchujaqui, Taxodium
riparian tropical deciduous forest, 420 m, 27˚03.00’N 108˚43.9’W, 1-11.x.2006
(EMUS – Molecular Voucher #PO430). COSTA RICA: Puntarenas, Rio Frio Golfo
Dulce, 24 Km W Piedras Blancas, P. Hanson [col.], 200 m, 1♀ xii.1989-iii.1990
(EMUS); Puntarenas, Golfo Dulce, 3 Km SW Ricón, P. Hanson [col.], 10 m, 1♀
xii.1989-iii.1990 (EMUS); Guanac. Volcán Cacao, Cerr, Pedregal, 100 m, 1♀ iiiv.1989; Guan. S. Rosa Park, D.H. Janzen col., 1♀ 8.i.77, Dry Hill, 1♀ 8.i.78,
Riparian; 1♀ Alaj. Bijagua, F.D. Parker col., 1-12.viii.1990; Guan[anacaste], Finca
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Montezuma, 3 Km SE Rio Naranjo, F. Parker [col.], 1♀ 28.xi-5.xii.1991, 1♀ 25.ii2.iii.1992, 2♀ 6-12.iv.1993, 1♀ 19.ii.1992, 1♀ 21-30.xi.1992, 2♀ xii.1991 (EMUS);
Guanacaste, W side Vol. Orosi, Estacion Maritza, 600 m, 8♀ 1♂ 1988, 1♀ 1989
(MW); Guanacaste, NW Volcan Orosi, Cerro el Hacha, 300 m, 2♀ 1988 (MW);
Guan[acaste], EJN, 14 Km S Cañas, F.D. Parker [col.], 1♀ 1-22.x.1991, 1♀
29.viii.1990, 1♀ 16.iii-12.iv.1991, 1♂ 11-31.i.1990, 1♂ 26-30.x.1990, 1♂ 1623.ii.1991 (EMUS), 1♂ 1-11.ii.1990, 1♂ 20.i-12.ii.1991, 1♂ 15.iii.1989 (MW);
Guan[acaste], S. Rosa Park, D.H. Janzen [col.], 1♀ 8.i.1978, Riparian (AIE), 1♀
8.i.1977, Dry Hill (AEI); 1♀ San Jose, Ciudad Colon, 800 m, vi-vii.1990, Founier &
Hanson [col.] (MW); 1♀ Guanacaste Prov., Penas Blancas, 600 m, rain forest, pan
trap, A. Forsyth [col.] (MW); 1♀ Puntarenas, R. B. Carara Est. Quebrada Bonita, 50
m, viii-ix.1989 (MW); Alaj., Bijagua, F. Parker [col.], 20 Km S Upala, 1♀ 20.i12.ii.1991, 1♀ 12-30.iv.1991 (MW), ~15 Km, Canalete, 1♀ 10-23.v.1990 (MW); 1♀
Alajuela, Estac. Biol. San Ramon, 900 m, P. Hanson coll., vii-viii.1995 (MW);
Puntarenas, San Vito, Estac. Biol. Las Alturas, 1500 m, Forest border, Malaise trap,
P. Hanson [col.], 1♀ v.1992, 1♀ i.1992, 1♀ iii.1992 (MW); Guan[acaste], Finca
Montezuma, 3 Km SE Rio Naranjo, F. Parker [col.], 1♀ 25.iv-2.v.1993, 1♀ 1828.xii.1992, 1♀ 1.vii.1993, 1♀ 18-28.xii.1992, 1♀ 25.iv-2.v.1993, 1♀ 14-29.x.1992,
1♀ 28.vi-27.vii.1992, 1♀ 16-31.viii.1993 (EMUS), 1♂ 22-27.ii.1993 (MW); 1♀
Guan[acaste], La Taboga For. Res., 9 Km SW Canas, W.L. Rubink-Mal. Tr., 1727.ii.1987 (MW); 1♀ Heredia, 3 Km S Puerto Viejo, OTS-La Selva, 100 m, P.
Hanson [col.], xi.1992 (MW); 1♂ S. J. Escazu, F.D. Parker [col.], 25-29.iv.1988
(MW).
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Eragenia setosa Waichert & Pitts, sp.n.

Specimens examined. Holotype, ♀ COSTA RICA: Guan., Finca Montezuma, 3
Km SE Rio Naranjo, 10-15 Jun 92, F. Parker (EMUS). Paratypes. COSTA RICA:
Guan. Finca Montezuma, 3 Km SE Rio Naranjo, FD Parker col., 1♀ 14.xi.1991
(EMUS), 1♀ 8-12.iii.1992, 1♀ 8.v.1992, 1♀ 19-24.v.1993, 1♀ 18-23.vi.1993, 1♀ 1418.iii.1992 (MW); Puntarenas Prov., 1♀ Golfito, 27.vi.1976, Malaise trap 8AM-5PM,
M. Wasbauer col., 1♀ Pen. Osa. Rancho Quemado rivera Rio Riyito, 200 m, xixii.1990, Quiros & Hanson col (MW).

Eragenia villosa Waichert & Pitts, sp.n.

Specimens examined. Holotype, ♀ COSTA RICA: San Jose, PN Braulio Carillo,
9 Km E Tunel, v-vi.1990, P. Hanson [col.] (MW). Allotype, ♂ COSTA RICA:
Cartago, Dulce Nombre, vivero Linda Vista, 1,300 m, P. Hanson col., vi-viii.1993.
Paratypes, COSTA RICA: Cartago, Dulce Nombre, vivero Linda Vista, 1,300 m, P.
Hanson col., 1♀ xii. 1994-i.1995, 1♂ viii-x.1993, 1♂ viii-x.1993 (MW); Puntarenas,
1♀ Monteverde, 1,400-1,500 m, 11-12.viii.1976, E.M. Fisher col (MW), 1♀ Las
Alturas Field Station, 20 Km N San Vito de Hava, 21-24.vi.1992, 1,500 m, Malaise
trap, Snyder [col.] (AMNH), San Vito, Estac. Biol. Las Alturas, 1,500 m, Malaise
trap, P. Hanson [col.], 1♂ iv.1992, 2♂ iii.1992 (MW); 1♀ Monteverde, 1,450 m,
24.viii.1987, FIT, H. Howden [col.] (PMAE), 1♂ Guan[acaste], 3 km SE R. Naranjo,
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F.D. Parker [col.], 1-10.xii.1992 (EMUS), 1♂ San Jose, Escazu, F.D. Parker [col.], 316.vii.1988 (MW), 1♀ Golfito, 300 m, E.A. Sugden [col.], 23.vii.1977 (UCDC);
Puntarenas, P. N. Corcovado, Estac. Sirena, 50 m, P. Hanson [coll.], 1♂ iv-viii.1989
(MW), 1♂ x-xi.1990 (MW). PANAMA: Panama, Prov. Cerro Jefe, 3,300 [ft], E.
Fisher col., 31.vii.1978 (MW); 1♀ Ojo de Agua, 30.vi-14.vii.1982 (PMAE).
NICA[RAGUA]: 1♀ Zelaya; Penlas Blancas, 13 17N/ 85 38W, 1300 m, 25.vii.1997,
Maes/B. Hernandez col. (RW).

Eragenia bella Waichert & Pitts, sp.n.

Specimens examined. Holotype, ♀ COSTA RICA: Heredia, Finca La Selva, 3 Km
S Pto. Viejo, 23-25.vii.1976, E.M. Fisher coll. (MW). Aloytpe, ♂ COSTA RICA:
Puntarenas, P.N. Corcovado Estac. Sirena, 50 m, P. Hanson [coll.], x-xi.1990 (MW).
Paratypes, COSTA RICA: Puntarenas, Reser. For. Golfo Dulce, 24 Km W 24 Km W
Piedras Blancas, 200 m, P. Hanson [col.] 1♀ iii.1992, 2♀ iii-v.1989 (MW);
Puntarenas, Reser. For. Golfo Dulce, 3Km SW Rio Naranjo, F. Parker coll., 1♀ 2230.vi.1993 (EMUS), 3 Km SW Rincon, 10 m, P. Hanson coll., Malaise, 1♀ xii.1991,
1♀ i.1992 (MW); Alaj., Bijagua, 20 Km S Upala, F.D. Parker [col.], 1♀ 9-17.i.1991,
1♂ 16-24.vii.1991, 1♂ 10-19.iii.1991 (EMUS); Puntar[enas], Golfito, 1♀ E.M.
Fisher coll., 27-28.vii.1975, 1♀ Malaise trap, 8AM-5PM, 1.vii.1976, M. Wasbauer
col. (MW); Puntarenas, Reser. For. Golfo Dulce, 3 Km SW Rincon, P. Hanson [col.],
Malaise trap, 2♀ iii-iv.1992, 100 m, 2♀ 10 m, iii.1993 (MW), 10 m 2♂ xii.1992, 5♂
iv.1993, 1♂ ix-xi.1989, 6♂ iii.1993 (MW); San Jose, Ciudad Colon, 800 m, Fournier
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& Hanson [col.], 1♀ vi-vii.1990, 1♀ iii-iv.1990 (MW); Heredia, Est. Biol. La Selva,
50-150 m, 10˚26’N 84˚01’W, INBio-OET, 1♀ 21-23.iv.1989, H. A. Hespenheide
[col.] MT #137 (MW), 1♀ bosque primario, M/05/252, 1.xi.1993 (CRI001 #236618),
1♀ bosque secundario, M/02/361, 1.iii.1994 (CRI001 #270801); 1♂ Sirena, Osa Pen.,
vii.1977, D. H. Janzen [coll.] (AEI); Puntarenas, P. N. Corcovado, Estac. Sirena, 50
m, P. Hanson [coll.], 3♂ iv-viii.1989 (MW), 2♂ x-xi.1990 (MW); 1♂ NW Volcan
Orosi, Cerro el Hacha, 300 m, 1988; Puntarenas, Pen. Osa., 27 km, S. Puerto Jiminez,
Rio Piro, 75 m, E. Quiros & P. Hanson [coll.], 1♂ xi-xii.1990, 1♂ i.1991 (MW); 4♂
Guanacaste, NW Volcan Orosi, Cerro el Hacha, 300 m, 1988 (MW); Puntarenas RF,
200 m, Golfo Dulce, 24 km W Piedras Blancas, P. Hanson [coll.], 2♂ vii-ix.1990, 1♂
vi-viii.1989 (MW), 200 m, 4♂ vi-viii.1989, 1♂ ix-xi.1989, 1♂ ii.1992, 1♂ viiix.1990, 1♀ xii.1992 (MW), 1♂ R. B. Carara Est. Quebrada Bonita, 50 m, v-vi.1989
(MW); Guanacaste, Arenaler, W Side Volcan Cacao, 900 m, P. Hanson [coll.], 1♂ xixii.1990 (MW). GUATEMALA: Sta. Emilia, Pochuta, 1,000 m, J. Bequaert [col.] 1♀
ii-iii.1931 (MCZ). [PANAMA]: Canal Zone, Juan Gallegos ls., vi.81, B. Gill [col.]
1♀ (AEI); Panama Prov., cerro Jefe, 18.ix.1976, R.B. & L. Kimsey [col.] 1♀
(UCDC).

Eragenia dentata Waichert & Pitts, sp.n.

Specimens examined. Holotype, ♀ COSTA RICA: Guan., FincaMontezuma, 3
Km SE Rio Naranjo, F. Parker [coll.], 18-28.xii.1992 (EMUS). Alotype, ♂ COSTA
RICA: Alaj., Bijagua, 20 Km S Upala, FD Parker [coll.], 26.iii-12.iv.1991 (EMUS).
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Paratypes: C.[OSTA] RICA: Guanacaste, W side Vol. Orosi, Estacion Maritza, 600
m, 1♀ 1989. MEXICO: 1♀ Sonora, Rancho El Cajon, 40 Km E Alamos, Malaise on
sand bench of Rio Cuchujaqui, Taxodium riparian tropical deciduous forest,
27°03.00’N 108°43.91’W, 420 m, 1-11.x.2006, M.E. Irwin [coll.] (EMUS Molecular
Voucher #PO430).

Eragenia carinata Waichert & Pitts, sp.n.

Specimens examined. Holotype, ♀ COLOMBIA: Amazonas, PNN Amacayacu
Bocas Mata, Mata Malaise, M. Kelsey [coll.], V18a, 22.ii.1989 (IAvH-E 107950).
Paratypes, COLOMBIA: 1♀ Amazonas, PNN Amacayacu Matamata, m1, 3°23’S
70°6’W, 150 m, Malaise, 9-30.vii.2001, M.2034, D. Chota Leg. (IAvH-E 107624),
1♀ Caquetá, PNN Chiribiquete Puerto Abeja, 0°4’N 72°26’W, 250 m, Malaise, C.
Arenas leg., M.216, 2-12.ii.2000 (IAvH-E 107764); 1♀ Cauca, PNN Gorgona
Antigua Laguna, 2°58’N 78°11’W, 70 m, Malaise, 18.vii-16.viii.2000, H. Torres
Leg., M588 (IAvH-E 107703); 1♀ Valle del Cauca, PNN Farallones de Cali,
Anchicaya, 3°26’N 76°48’W, 730 m, Malaise, 19.vi-3.vii.2001, S. Sarria Leg.,
M.1889 (IAvH-E 107688). FRENCH GUIANA: 1♀ Kourou, piste Soumourou, 715.vi.2001, D. Fauré coll. (RW).

Eragenia rotunda Waichert & Pitts, sp.n.
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Specimens examined. Holotype, ♂ COSTA RICA: Guanacaste, Arenales, W side
Volcan Cacao, 900 m, P. Hanson coll., xi-xii.1990 (MW). Paratypes. COSTA RICA:
Puntar., Golfo Dulce, 3 Km S, P. Hanson coll., Rincón, 3♂ 10 m, iii-v.1989, 1♂ 100
m, iii.iv.1992; Puntarenas, 24 Km W Piedras Blancas, 200 m, 1♂ vi-viii.1989, 1♂ iiiv.1989, 1♂ ii-iii.1989, 1♂ xii.1989-iii.1990, 1♂ ix-xi.1989 (MW); 1♂ Puntar., R. B.
Carara, Estac Bijagoal, 500 m, x.1989, P. Hanson coll. (MW); Puntarenas, P. Nac.
Corcovado, Est. Sirena, 50 m, 8♂ iv-viii.1989, 3♂ x-xi.1990 (MW), Res. For. Golfo
Dulce, 3 Km SW Rincon, 10 m, P. Hanson [coll.], 7♂ iii.1993, 4♂ iv.1993, 1♂ iii.1991, 1♂ iii-iv.1991, 2♂ iii-vi.1990, 3♂ v-vi.1992, 1♂ vi.1991, 1♂ viii.1991
(MW); R. F. Golfo Dulce, 24 Km W Piedras Blancas, 2♂ vi-viii.1991, 200 m, 8♂ iiiv.1989, 1♂ ix-xi.1989 (MW); Puntarenas, 1♂ Pen. Osa. 27 Km S. Puerto Jiminez,
Rio Piro, 75 m, i.1991, Quiros & Hanson [coll.] (MW), 3♂ Pen. Osa., 8 Km S Puente
Rio Rincon Coopemarti, 30 m, Hanson & Retana [coll.], xi-xii.1990 (MW), 1♂ Rio
Frio Golfo Dulce, 24 Km W Piedras Blancas, 200 m, P. Hanson, xii.1989-iii.1990
(MW), P. Nac. Corcovado, Est. Sirena, 50 m, 5♂ iv-viii-1989, 6♂ x-xi-1990, P.
Hanson [coll.] (MW), Pen. Osa., 7♂ Rancho Quemado, rivera Rio Riyito, 200 m, xixii-1990, Quiros & Hanson [coll.], 5♂ 27 km S Puerto Jiminez, Rio Piro, 75 m, i1991, Quiros & Hanson [coll.] (MW), Pen. Osa., 8 km. S. Puente Rio, Rincon,
Coopemarti, 30 m, Hanson & Retana, 2♂ xi-xii-1990, 2♂ i-1991 (MW); 1♂ Sirena,
Osa Pen., vii-[19]77, D. H. Janzen [coll.] (MW), 1♂ R.F. Golfo Dulce, 3 km S.
Rincon, 10 m, iii-iv-1991, Hanson [coll.] (MW), 1♂ 7km SW Rincon, malaise #5, 2nd
growth, 31.v-7.vi-1998, Brown & V. Berezovskiy [coll.] (MW); Puntarenas, Prov.
Golfito, R.B. Carara, P. Hanson [coll.],1♂ vi-30-1976, 1♂ vii-4-1976 (MW), Laguna

295

	
  

Meandrica, Quebrada Mana, Estac Bijagoal, 50 m, 1♂ v-vi-1990, 1♂ 500 m, x-1989
(MW), Reser. For. Golfo Dulce, 3 km SW Rincon, 10 m, Malaise trap, P. Hanson
[coll.], 1♂ x-1991, 2♂ xii-1991, 1♂ i-1992, 1♂ ii-1992, 4♂ iii-iv-1992, 1♂ v-vi1992, 5♂ xii-1992, 4♂ iii-1993, 9♂ iv-1993 (MW), Res. For. Golfo Dulces, 24 km W
Piedras Blancas, 200 m, P. Hanson [coll.], 2♂ iv-1992, 5♂ iii-v-1989, 2♂ vi-viii1989 (MW), 10km W Piedras Blancas, 100 m, Hanson [coll.], 2♂ vi-viii-1989, 1♂
iii-v-1989 (MW), 3 km SW Rincon, 10 m, Hanson [coll.], 5♂ ii-iii-1989, 16♂ iii-v1989 (MW);
Guanacaste, NW Volcan Orosi, Cerro el Hacha, 300 m, 4♂ 1998 (MW).

Eragenia pseudomicans Waichert & Pitts, sp. n.

Specimens examined. Holotype, ♀ COSTA RICA: Puntarenas, Pen. Osa. 8 Km S
Puente Rio Rincon, Coopemarti, 30 m, Hanson & Retana [coll.], xi-xii.1990 (MW).
Alotype, ♂ COSTA RICA: Guan., EJN, 14 Km S Cañas, F.D. Parker, 1-12.iii.1990
(MW). Paratypes: COSTA RICA: Alaj., Bijagua, 20 Km S Upala, F.D. Parker [col.]
2♀ 1-15.ix.1990, 1♀ 1-20.xi.1990, 1♀ 27.ix-18.x.1990, 1♀ 1-12.viii.1990, 1♀ 1121.vi.1991 (MW), 1♀ 18-26.iii.1991 (USU); Prov. Heredia, F. La Selva, 3 Km S Pto.
Viejo, 10˚26’N 84˚01’W, Malaise trap, 1-2 years, Second Growth- Forest edge, 1♀
#138, 1♀ 16.vii.1992 (MW); Guan[acaste], 3 Km SE Rio Naranjo, F.D. Parker [col.],
1♂ 15-19.i.1993, 1♂ 22-30.iii.1993, 1♂ 21-30.ix.1992, 2♂ 21-31.vii.1992 (EMUS),
1♀ 21-31.viii.1992, 3♂ 18-28.iv.1993, 1♂ 22-25.i.1993, 2♂ 8-12.vi.1993, 1♂ 115.iii.1992, 5♂ 21-30.vi.1992, 4♂ 27-29.v.1992, 2♂ 11-20.vii.1992, 3♂ 17-
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24.vi.1992, 1♂ xii.1991, 1♂ 2-9.iii.1992, 2♂ 22-24.vii.1992, 1♂ 20-30.iv.1992, 1♂
vii.1992, 1♂ 21-30.iv.1992, 3♂ v.1992, 3♂ iv.1992, 2♂ 21-28.iii.1993, 1♂ 1530.iv.1992, 3♂ 8-15.vi.1992, 1♂ 8-28.iv.1993, 2♂ 1-6.iv.1993, 3♂ 11.iv.1993, 2♂
23-31.iii.1992, 1♂ 30-31.i.1992, 1♂ 21-30.vi.1992, 2♂ vi.1992, 2♂ iv.1992, 2♂ 15.iii.1993, 3♂ 1-10.ix.1992, 1♂ 1-9.x.1992, 1♂ vi.1992, 2♂ 1-10.vi.1992, 1♀ 110.vii.1992, 1♂ 1-5.vi.1992, 1♂ 1-11.iii.1992, 1♂ 1-10.viii.1992, 1♂ 1-5.ii.1992, 1♂
14-15.vii.1993, 2♂ 14-16.vi.1993, 1♀ 20.v.1993, 1♀ 18-23.vi.1993 (MW), 1♂ 2214.vii.1992, 1♂ 17-20.xi.1991, 1♀ 21-31.vii.1992, 1♀ 1-10.vii.1992, 1♀ 1823.vi.1993, 1♀ 23-27.vii.1993, 1♀ v.1992, 1♀ 20.v.1993 (EMUS); Guan[acaste],
EJN, 14 Km S Cañas, F.D. Parker [col.], 1♂ 17.iii.1991, 1♀ 1-12.iii.1990 (MW);
Heredia, 3 Km S Puerto Viejo, OTS La Selva, 100 m, P. Hanson [col.], 6♂ iiiiv.1993, 1♂ ii-iii.1993, Malaise trap, 1♂ viii.1992, 3♂ ii-iii.1993, 4♂ iv-v.1993, 2♂
ii-iv.1993 (MW), 10˚26’N 84˚01’W, H.A. Hespenheide [col.], 1♂16.v.1990, #274,
1♂ 13.iv.1989, #136, 1♂ 26.ii.1980, #90 (MW), G. Wright [col], Malaise trap,
second growth, soc 1000, 1♂ 19-24.vii.1992 (MW); Puntarenas Prov., Golfito,
Malaise trap, 8AM-5PM, M. Wasbauer coll., 1♂ 27.vii.1976, 1♀ 25.vi.1976 (MW);
Guanacaste, Estac. Maritza, W Volcan Orosi, 600 m, P. Hanson [col.], 3♂ iv.1990,
7♂ 1988, 1♂1989 (MW); Guan[acaste]: Finca Montezuma, 3 Km SE Rio Naranjo,
F.D. Parker [col], 11♂ 1♀ v.1992, 1♂ 25.ix-9.x.1992, 1♂ 9-14.v.1993, 1♂ 812.iii.1992, 1♂ 3-8.iii.1992, 3♂ 5.vi.1993, 2♂ 14-16.vi.1993, 1♂ 11-18.iii.1992, 1♂
2.xi.1991, 2♂ 29.v.1992, 5♂ 27.v.1992, 2♂ 3.vi.1992, 1♂ 24.i.1992, 1♂ 430.xi.1991, 3♂ 11-20.vi.1992, 1♂ 25.ii-2.iii.1992, 2♂ 3.vi.1992, 1♂ 19-22.ii.1993,
3♂ vi.1992, 2♂ 21-30.vi.1992, 1♂ 8-15.vi.1992, 1♂ 11.iv.1993, 4♂ 21-30.vi.1992,
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1♂ 1-5.vi.1993, 1♂ 30.i.1992, 1♀ 20.xi.1991 (EMUS), xii.1991, 1♂ 2.i.1992, 1♀
26.viii-11.ix.1992, 2♂ 22-24.vii.1992 (MW); Alaj., Bijagua, 20 Km S Upala, F.D.
Parker [col.] 1♂ 15-18.vii.1990, 1♂ 12.ii-5.iii.1991, 1♂ 25.xii.1990, 1♂ 8.xi.1990,
1♂ 21-23.viii.1990, 1♂ 13.xii-9.i.1991, 1♂ 11-20.viii.1991, 1♂ 1-11.vi.1991, 1♂ 110.ix.1991, 1♂ 1-15.vi.1992, 2♂ 6.i.1991, 1♂ 13.xi.1990, 1♂ 14-16.viii.1990, 1♂
7.viii.1990; Alaj. Bijagua, 15 Km S Canalete, F.D. Parker [col.], 1♂ 10-23.v.1990
(MW); S. J., Escazu, F.D. Parker [col.], 1♂ 2-13.v.1988, 2♂ 19-24.iv.1988, 1♂ 714.ii.1988, 2♂ 25-29.iv.1988, 1♂ 16-18.iv.1988, 1♂ 13-15.iv.1988 (MW);
Puntarenas, Res. For. Golfo Dulce, 5 Km W Piedras Blancas, 100 m, P. Hanson col.,
1♂ ii-iii.1993, 1♂ x.xi.1990 (MW); Puntar[enas], Res. For. Golfo Dulce, 3 Km SW
Rincon, 10 m, P. Hanson [col.], 1♂ iii.1993, 1♂ 4.vii.1976 (MW); 1♂ Puntarenas,
Peninsula Osa, 5 Km W Puerto Jimenez, 10 m, P. Hanson [col.], iv.1991 (MW); 2♂
Puntarenas, Pen[insula] Osa, 8 Km S Puente Rio Rincon Coopemarti, 30 m, P.
Hanson & Retana [col.], xi-xii.1990 (MW); Heredia, Est. Biol. La Selva, 50-150 m,
10˚26’N 84˚01’W, H.A. Hespenheide [col.], INBio-OET, bosque primario, 1♂
21.iv.1989, M/05/336, 1♂ 1.ii.1994 (COSTA RICA collection INBIO #241915), 1♂
M/05/308, 1.i.1994 (INBIO #241596), 1♂ M/02/165, 3.viii.1993 (INBIO #234183),
1♂ bosque secundario, M/11/145, 1.vii.1993 (INBIO #228761); 1♂ San Jose, Ciudad
Color, 800 m, Fournier & Hanson [col.], iii-iv.1990 (MW); 1♂ Cartago, Turrialba,
2000’, H.G. Real [col.], 17.vii.1965, Herman G. Real Collection (CAS); 1♀ Estrella
Valley Pandora, H. Howden & Manley, G. [col.], 1-16.iii.1984 (ALBERTA); 1♂
Her[edia], Chilamate, 18-23.viii.1988, W.J. Hanson [col.] (MW); 1♀ Heredia, Pr. La
Selva Biol. Sta., 3 Km S Pto. Viejo, 10˚26’N 84˚01’W, H.A. Hespenheide [col.],
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16.vii.1992 (MW). PANAMA: 1♂ Canal Zone, Cristoba, S.G. Breeland, Malaise
trap, iv.1960 (FSCA); 1♂ Las Cumbres, Prov. PAN, Malaise trap, 20-21.x.1982,
Henk Wolda [coll.] (DAVIS); Chiriqui, Finca Suiza, 1 km SE Homito, 28.v2.vi.1994, F. Andrews & E. Gilbert [coll.] 1♂ (MW); C.Z., Pipeline Road, W.J.
Hanson [coll.], 2♂ 20.iii.1982, 1♂ 22.iii.1982 (EMUS). HONDURAS: 1♂ Olancho,
Catacamas, 15˚50’N 85˚51’W, Malaise trap in lowland gallery forest, 30.vii.1995, R.
Cave coll. (MZLU); Atlantida, Lancetilla, Tela, 15˚43’N 87˚27’W, Malaise trap in
lowland rain forest, R. Cave coll., 1♂ 4.iv.1995, 1♂ 15.vi.1995 (MZLU).
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CHAPTER 5
EVOLUTION OF NESTING BEHAVIOR IN AGENIELLINI SPIDER WASPS
(HYMENOPTERA: POMPILIDAE) CONTRADICTS PREVIOUSLY PROPOSED
ETHOCLINE4
A major challenge in evolutionary biology is to explain patterns in traits,
phenotypic diversity, and diversification. Spider wasps, especially Ageniellini, are
notable for their diverse, unusual, and specialized behavior associated with prey
capture, prey transport and nesting. Some Ageniellini amputate the legs of their spider
hosts, a few species are cleptoparasites, and some species build mud nests. These
nests can be constructed by a single wasp or communally. We reconstructed the
phylogeny of Ageniellini from five nuclear markers, and used it to map prey-transport
and nest-construction behavior using Bayesian, maximum-likelihood, and stochastic
approaches. We reconstructed a single origin for mud nesting in Ageniellini, which is
associated with modified morphological features and is correlated with communal
nesting. The tribe arose approximately 25.5 Ma, during the late Paleogene –
Oligocene. Shifts in diversification were observed around 9 Ma, which corresponds to
the origin of the majority of the mud-nesting clades. Our results contradict previous
hypotheses of simple to complex, stepwise evolution (ethocline hypothesis) in nesting
behavior.

4

This manuscript is formatted for submission to Evolution. The authors of the journal
paper are: Cecilia Waichert, James P. Pitts, and Carol D. von Dohlen.
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Introduction
Spider wasps (Hymenoptera: Pompilidae) are predatory insects that provision
their offspring with spiders as the sole food source. They form a diverse family
(~5,000 described species) that originated in the mid-Paleocene ~ 43 Ma (Wilson et
al. 2013; Rodriguez et al. submitted; see chapter 2). There is considerable variation in
nest construction, provisioning, and social behavior in the family, making spider
wasps an ideal group for evolutionary studies of nesting behavior – the origins of
complex traits are best investigated in taxa with variable states and relatively recent
origins of the trait under study (Danforth 2002).
Ageniellini (Pepsinae) (> 800 species worldwide) is a pompilid group with
high morphological and behavioral diversity. They are notable for their unusual,
specialized behavior associated with prey capture and nesting. Females of some
Ageniellini amputate the legs of their spider hosts and exhibit several species-specific
patterns of behavior for hunting and nesting, such as cleptoparasitism (stealing prey
from another wasp), digging and constructing cells in the soil without using water,
constructing cells in clay soil by softening the soil with water, and building aerial
mud nests and communal nests. Although time consuming, construction of mud nests
is advantageous to the wasp. Protection from environmental factors, for instance, is
achieved by the thickness of the mud walls or overlay of plant material (Evans and
Shimizu 1996). Moreover, comparative and experimental investigations indicate
reduction in predation and parasitism on the wasp brood (London and Jeanne 1998;
Smith et al. 2001). Communalism or parasocialism – females of the same generation
occupying the same nest – is a major evolutionary innovation that involved
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adaptations in morphology and behavior of agenielline wasps (Evans and Shimizu
1996; Shimizu et al. 2010). Communal nesting also confers selective advantages to
participating females (e.g. communal defense and nest building) (Kimsey 1980;
Weaving 1994; Evans and Shimizu 1996; Shimizu et al. 2010; Barthélémy and Pitts
2012). Finally, communalism is potentially an early stage in the evolution of
eusociality (Evans 1953; Iwata 1976).
Intriguingly, there are more mud-nesting species than other species in
Ageniellini. Auplopus contains by far the largest number of species in the tribe; it
seems possible that these species have diversified as a consequence of this novel trait.
As currently defined, Auplopus is paraphyletic (see chapter 2); however, all species
belong to the same lineage as other mud-nesting genera (sub-tribe Auplopodina).
Although nesting behavior has been observed in only a subset of species,
morphological adaptations to carry water and perform clay modeling have been
ascribed to virtually all Auplopodina (Evans and Shimizu 1996; Shimizu et al. 2010),
and it is clear that most species are mud-nesters or manipulate water for nesting.
Finally, prey-transport and nest types in Hymenoptera have been proposed as
an example of stepwise evolution leading to increased efficiency. Evans (1953)
suggested that nesting behavior in Pompilidae have evolved in a fashion of increasing
complexity, an ethocline (Wilson 1971; Wenzel 1992). The secondary loss of some of
the steps, such as transporting the host, and building a nest, has been proposed to stem
from some of the most complex nesting sequences (Evans 1953). In this sense,
information from solitary insects could help to uncover the genetic basis for pathways
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leading to sociality (Toth and Robinson 2007). However, this hypothesis has yet to be
tested with a broad-scale phylogenetic analysis.
In this study, we reconstruct the evolution of nesting and prey-transport
mechanisms in the Ageniellini spider wasps, using a molecular phylogeny as the
framework. Of special interest are the consequences and traits correlated to evolution
of of mud-nesting behavior. Specifically, the objectives of this study were to 1)
reconstruct the evolutionary history of nesting and prey-carrying behavior in
Ageniellini spider wasps using five nuclear molecular markers; 2) investigate the
correlation between mud-nesting and communalism; 3) test the ethocline hypothesis
in light of phylogenetic approaches; and 4) test if the origin(s) of mud-nesting in
Ageniellini is associated with increased species diversification.
Methods
TAXON SAMPLING
Our sample included 67 male and female representatives of nine Ageniellini
genera (out of a total of 15, personal observation) and six outgroup species (Table
5.1). We included species from as many genera and known nesting behavior types as
possible. The outgroup was chosen based on the family-level topology (see chapter 2)
and the tribal study (Shimizu et al. 2010), and included other Pepsinae genera,
namely, Cryptocheilus, Diplonyx, Entypus, Hemipepsis, and Priocnessus. Specimens
were obtained on loan from various entomological collections (Table 5.1) and field
collecting trips. Vouchers are deposited as indicated in Table 5.1.
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DNA EXTRACTION, PCR AMPLIFICATION AND SEQUENCING
DNA was extracted from the entire individual after puncturing the top of the
thorax (small-to-medium specimens) or from 2-3 legs (large individuals). Extractions
were performed with the Roche High Pure PCR Template Purification Kit by
following the manufacturer’s protocols.
The nuclear genes elongation factor–1 α F2 copy (EF), long–wavelength
rhodopsin (LWRh), RNA polymerase II (Pol2), the D2–D3 regions of the 28S
ribosomal RNA (28S), and wingless (Wg) were amplified through polymerase chain
reaction (PCR). The markers and primers were the same as used by Waichert et al.
(see chapter 2), except for Wg, which were chosen based on Pilgrim et al. (2008).
Double-stranded ampliﬁcations were performed with 20 µL reaction volume
containing genomic DNA (10 ng), 1.5 mM MgCl2, 0.2 mM of each dNTP, 1 µM
primer of each primer (forward and reverse), 2 units QuiagenTaq, and buffer supplied
by the manufacturer. In some reactions, GoTaq was used in the following amounts: 6
µl of ddH2O, 10 µl of GoTaq Green Master Mix, and 1 mM of each of both primers.
For each PCR, approximately 10 ng of template DNA was added to the 20 µl
reaction. The optimal cycling parameters varied for each primer pair used. Products
were purified and sequenced following the protocol of Pilgrim and Pitts (2006). All
PCR products were sequenced with forward and reverse primers and were assembled
into complete contigs using Sequencher 4.1 (Gene Codes Corp., Ann Arbor, MI).
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PHYLOGENETIC ANALYSES
Sequences were aligned using Geneious Alignment (Geneious 6.1) followed
by manual refinement. Intron data was eliminated from the alignment for LWRh and
EF markers. We used BMGE (Block Mapping and Gathering with Entropy) to assist
with LWRh, EF, and 28S alignments. BMGE selects phylogenetic informative
regions from multiple alignments based on entropy values (Criscuolo and Gribaldo
2010). The model of molecular evolution was determined for each gene and by codon
position using Partition Finder 1.01 (Lanfear et al. 2012). The total evidence matrix of
2,973 nucleotide sites was analyzed in MrBayes 3.2 (Ronquist et al. 2012). Bayesian
analyses included four independent runs with three heated chains and one cold chain
in each run. The MCMC chains were set for 20,000,000 generations and sampled
every 1,000 generations. Convergence diagnostics and effective sample size (ESS)
were examined in Tracer v1.5 to determine MCMC convergence. Trees from the first
25% of the samples were removed as burn-in. The resulting tree was visualized in
FigTree v1.3.1.
BEHAVIORAL CHARACTERS
For behavioral designations, we relied on several literature sources (Evans and
Yoshimoto 1962; Evans and Shimizu 1996; Shimizu 2004; Shimizu et al. 2010;
Kurczewski and Edwards 2012; Carvalho-Filho et al. submitted). We coded only
species with known behavioral records; outgroup genera that had monophyly
previously confirmed were coded as an approximation to known nesting modes in the
genus. We followed the classical categorization of nesting and transport behavior in
Aculeata (Iwata 1976; Evans and Shimizu 1996; Shimizu et al. 2010). Behavior traits
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were treated as discrete characters and coded as: 1) Walking direction during prey
transport to nest: 0-carrying prey backwards, 1-carrying prey forwards; 2) Host body
part held by spider wasp: 0-leg, 1-mouthparts, 2-spinnerets; 3) Amputation of some or
all legs of prey: 0-no, 1-yes; 4) Nest construction mechanism: 0-using pre-existing
cavity, 1-burrow nest on ground, 2-build mud nest; 5) Nest closure: 0-packing debris
and dirt, 1-plastering; and 6) Social behavior: 0-solitary, 1-aggregation, 2-communal.
All states were unordered. We incorporated intraspecific variation as polymorphisms,
and unknown behavior was treated as missing data. A matrix of coded behavioral
characters is presented as Table 5.2.
COMPARATIVE ANALYSES
We reconstructed the evolutionary histories of each of the six behavioral
characters onto the rooted Bayesian majority-rule consensus tree [for maximum
parsimony (MP) and maximum likelihood (ML) approaches], or on a set of postburn-in trees from the Bayesian analysis [for stochastic mapping (SM)]. The MP
approach was carried out in Mesquite 2.75 (Maddison and Maddison 2000), whereas
ML was conducted using the corDISC and rayDISC functions contained within the R
package corHMM (Beaulieu et al. 2013), and SM were reconstructed in SIMMAP 1.5
(Bollback 2006).
For ML Ancestral State Reconstruction (ASR), the Bayesian consensus tree
was transformed into an ultrametric tree with branch lengths corresponding to time
using the chronopl function in the R package ape (Paradis et al. 2004). We used an
arbitrary lambda value of 0.1. Three evolutionary models were tested for each
character: 1) equal-rates model (ER); 2) symmetrical model (SYM); and 3) all-rates-
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different model (ARD). We then compared the fit of these models using a likelihood
ratio test. P-values under 0.05 indicated that the alternative hypothesis of the morecomplex model was rejected. In the stochastic ASR using SIMMAP, branch lengths
represented the evolutionary rate by excluding the gamma prior and coding an
uninformative symmetric Beta prior (α=1 and κ=19) (Price et al. 2012). We addressed
confidence of our comparative results to uncertainty in the phylogeny by sampling
500 character histories in proportion to their posterior probability, for 500 post-burnin trees from MrBayes, generating 25,000 characters maps.
To test the association between discrete traits 4 and 6 (mud-nesting and social
behavior), and between 4 and 5 (building mud nest and plastering nest closed), we
compared the p-value for correlation hypotheses in SIMMAP 1.5. We set the analyses
as indicated above, but used 100 post-burn-in trees. Because pompilid behavioral
records are incomplete and mud nesters have morphological adaptations for this habit,
we tested for a correlation between plastering mud and nesting with mud (characters
4 and 5). Hence, species without behavioral records, but showing the morphological
features listed by Evans and Shimizu (1996) and Shimizu et al. (2010), will be
accounted as mud-nesting pompilids.
DIVERGENCE TIME ESTIMATION AND SHIFTS IN DIVERSIFICATION
A chronogram was inferred in a Bayesian framework using BEAST 2.0.2
(Bouckaert et al. 2014) under an uncorrelated lognormal relaxed-clock model
(Drummond et al. 2006; Drummond and Rambaut 2007) and calibrated with Yule
tree prior (Heled and Drummond 2012). Best-fit substitution models (determined
previously) were unlinked among partitions with the underlying clock and trees
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linked. Three calibration points were used for the analysis; these were obtained from
Waichert et al. (see chapter 2). We used the following clades to calibrate divergence
times: 1) monophyly of the ingroup was enforced and given a normal prior of
mean=24 Ma (LogSD=3.0); 2) monophyly of the clade Ageniellini + outgroup was
enforced, with a normal prior of mean=27 Ma (LogSD=3.0); 3) and monophyly of the
outgroup was enforced, with a normal prior of mean=25 Ma (LogSD=3.0). Two
separate Markov Chain Monte Carlo (MCMC) searches were performed for
80,000,000 generations. Effective sample sizes (ESS), mixing, and graphical chain
convergence were examined in Tracer 1.5. Independent runs were combined with
LogCombiner 1.7.5. Twenty-five percent of samples were discarded as burn–in.
We analyzed changes in diversification in the Ageniellini clade by using ape,
laser (Rabosky 2006), geiger (Harmon et al. 2008), and diversitree (FitzJohn 2012)
packages in the statistical program R. A null hypothesis of pure birth process was
applied and a lineage through time (LTT) plot was constructed. Shifts in
diversification were tested, independent of whether they were associated with the
mud-nesting trait, under a maximum likelihood approach carried out in the laser
package.
Results
PHYLOGENY
Topologies inferred by the concatenated matrix were congruent with previous
molecular studies (see chapter 3). Although congruent, comparison of our topology
with previous morphological studies is imperfect, because the number of Ageniellini
representatives used in those investigations was limited (Shimizu 1994; Pitts et al.
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2006), or the analyses resulted in polytomies (Shimizu et al. 2010). In our study,
almost all genera included were paraphyletic (Ageniella, Paragenia, Auplopus, and
Phanagenia), but the monophyly of Ageniellini was highly supported (Posterior
Probability (PP) =1) (Fig. 1). The tribe was split into two large, well-supported clades
(A and B, PP=1) and a small clade composed of species of Cyemagenia (clade C,
PP=1). An individual identified as Auplopus sp. did not group within any clade.
Relationships within clade A (including Ageniella, Eragenia, and Priocnemella) were
recovered with support, whereas those in clade B (including Auplopus, Phanagenia,
Macromeris, and Machaerothrix) were ambiguous.
COMPARATIVE ANALYSES
MP and ML recovered similar ancestral character states. The ML ASR
favored the simplest model (ER) in characters 2 and 6, SYM in character 4, and
reconstruction with variable rates (ARD) for characters 1, 3, and 5 (Table 5.3; Fig. 2).
The ancestor of Ageniellini was reconstructed as carrying the prey forward
(character 1:1) in both MP and ML reconstructions. Reversal to dragging it
backwards, however, was recovered under MP in Ageniella partita, which has a
polymorphic state (Fig. 3). Other reversals in this behavior are believed to happen
within Ageniellini as females have some level of plasticity on this character
(Carvalho-Filho et al. submitted). Prey transportation ASR was inconsistent across
approaches. The most probable ancestral state recovered in MP was carrying the
spider by holding its mouthparts (character 2:1). The ML reconstruction, however,
had uncertain results. For ML, the most likely ancestral state was carrying by the
spinnerets (character 2:2), but clade A had an equal probability of an ancestor that
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transported spider by spinnerets or mouthparts, as did some smaller clades within
clade B. Two independent transitions to carrying spiders by their legs are present in
clade A, among Ageniella species. Transportation by holding the leg is a reversal
because basal pepsine wasps carry their prey by holding legs – e.g. Calidurgus
(Kurczewski & Kurczewski 1968), Priocnemis (Kurczewski 2010). Leg amputation
(character 3:1) is a synapomorphy in Ageniellini; reversals are observed in the
Eragenia clade (due to plasticity within species and individuals) and Ageniella
fabricii and A. arcuata. Exploiting pre-existing cavities (character 4:0) is
plesiomorphic in Ageniellini, but polymorphism is common within the clade. Equal
probabilities were recovered in the ML analysis. The Ageniellini ancestor may have
nested by 1) using a pre-existing cavity, 2) digging a burrow in the ground, or 3)
building a mud nest. A shift to digging holes in tree trunks happened within the
Eragenia lineage (character 4: 2), whereas the use of mud to build nests (character 4:
3) is a synapomorphy among the large clade of Auplopus. Finally, an evolution in the
mud-nesting clade was the use of mud to plaster the nest (character 5:1), whereas the
ancestor and the other Ageniellini representatives share the habit of packing mud
pellets and debris in the nest entrance (character 5:0). An exception is seen in
Eragenia congrua, which fills the woody nest with plant material surrounding the
entrance, collected by scraping small pieces of wood with the mandibles (CarvalhoFilho et al. submitted). Finally, the ancestor of all Ageniellini wasps was solitary. MP
recovered an aggregation (character 6:1) arising independently in E. congrua.
Communalism (character 6:2) arose in Ageniellini at least three times. In ML,
communalism was reconstructed in a single clade within clade B.
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The stochastic ASR resulted in a sample size of 501,000 (Table 5.4).
Character 2 (prey body, part held during the transport) had the highest number of
transformations in evolutionary history of the group (9.8 total). Reversals from 1>0
and from 2>1 are more likely than changing from 0>1, but not from 1>2
(transformations values respectively: 3.5, 3.5, and 0.3). Reversal is also more likely in
character 3 (amputation of legs) 0>1=2.1 whereas 1>0=4.0. The stochastic approach
favored five transformations within social behavior characters. Character change
directly to communalism is more likely (0>2=2.8) than a stepwise progression
(0>1=1.8 1>2=0.1), or reversals from communalism to solitary (2<0=0.3).
DIVERGENCE TIMES AND DIVERSIFICATION PATTERNS
The estimated age of crown-group Ageniellini was recovered as 26.5 Ma
(95% highest posterior probability density, HPD=24.6–28.3) (Fig. 4), i.e. in the late
Paleogene – Oligocene. The age estimates indicate that most of the extant clades
diverged from 19–9 Ma, during the Neogene – Miocene. Clades A and B diverged
around 24 Ma (HPD=21.2–26.4). The diversification of crown-group clade A began
soon after diverging from clade B, around 22 Ma (HPD=19.4–25.1), whereas extant
clade B diversified around 17.8 Ma (HPD=14.7–21). The stem group of communalist
species arose in the tribe during Pliocene-Quaternary (7–0 Ma).
The LTT plot shows slow diversification until around 20Ma, when it starts to
increase. Several short periods of stabilization occurred around 15, 13, and 10 Ma.
The diversification curve in agenielline wasps had the greatest growth around 9 Ma,
when it passes the expected by a null Yule model, indicating a shift in the rate
diversification (Fig. 4).
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Discussion
The monophyly of Ageniellini, as proposed by Waichert et al. submitted, is
confirmed by molecular based analyses. The relationships inferred from five nuclear
markers reveal that the taxonomy of this group is plagued with several paraphyletic
taxa, doubtless resulting from widespread morphological homogeneity. Our study
indicates the urgent necessity for revision of generic boundaries in Ageniellini. Our
reconstruction of behavioral traits also shows that this tribe has undergone a unique
and complex behavioral history.
The ancestor of Ageniellini was reconstructed with confidence. It most likely
was a solitary spider wasp that nested either in the ground or in pre-existing cavities,
with closure by packing debris and/or dirt; prey was carried forward by holding its
mouthparts, and legs of prey were removed by female using their mandibles. We
believe that this last behavior is well established among clade B, but reversals and
plasticity are common within species of clade A. Other non-Ageniellini pompilids,
however, have been reported carrying spiders with missing appendages. There are
records for Anoplius, Episyron, and Sericopompilus revealing two or more missing
appendages, suggesting that these amputations might not have been accidental
(Kurczewski and Kurczewski 1973). It has been suggested that such behavior would
1) improve fit of the host in the cell (Williams 1928), or 2) would help in straddling
the prey and carrying it in a forward fashion (Hartman 1905; Evans and Shimizu
1996).
Shimizu et al. (2010) proposed nest construction by burrowing in soil without
using water as the ancestral condition in Ageniellini. Our ML analyses showed
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uncertainty in the ancestral state, but highest probability was for nesting in preexisting cavities. Nesting in pre-existing cavities is observed in several aculeate
wasps (e.g., Bethylidae, Sphecidae, Vespidae; Evans 1953; Iwata 1976), including
older lineages of pompilids (see chapter 3). Shimizu et al.’s (2010) morphological
analyses recovered the use of mud to build cells as arising only once in the tribe. In
our study, stochastic analyses indicated five transitions to mud nesting behavior in
clade B. Although one species of Anoplius and several species of Priochilus rely on
mud to build their nests (Williams 1928; Shimizu 1992; Auko et al. 2013), only in
Ageniellini are nests constructed is made by carrying water, as seen in social wasps.
Indeed, pompilids belonging to the Auplopodina clade (clade B) share morphological
adaptations to carry water (a group of long setae on the premetum) and to manipulate
mud (apical tergum in metasoma is flattened and glabrous) (Evans and Shimizu 1996;
Shimizu et al. 2010). Not all Auplopodina species, however, build aerial mud nests.
Some species of Auplopus nest in the ground by using water to facilitate excavation
(Evans and Shimizu 1996). The clock-constrained analysis suggested diversification
of clade B as old as 17.8 Ma (Miocene). This date might indicate the origin of using
water to nest, rather than building aerial nests. However, an Auplopus nest described
from the Eocene strata of Patagonia (Bown and Ratclife 1988) suggests that the
Auplopodina clade was already a distinctive group in pompilid nesting types, by
building of mud cells in exposed places, perhaps in overhanging roots (Evans and
Shimizu 1996). Some differences from extant species were described, such as
cementing adjacent mud tubes into a closely packed cluster that is attached to the
substratum by its side rather than its base (Freeman and Donovan 1991).
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Communalism has arisen only within mud-nesting species in the family. Few
species of Ageniellini are known to be communal (see Evans and Shimizu 1996;
Shimizu et al. 2010), and they are from different genera and zoogeographic regions.
Our parsimony analyses indicated three independent origins of this state. A character
state that evolves multiple times might be evidence that it is strongly favored by
natural selection under some conditions (Gomez-Mestre et al. 2012).
MUD NEST CONSTRUCTION AND ORIGIN OF COMMUNALISM
Our results suggest a correlation between mud-nesting behavior and
communalism. Several observations of mud nesting behavior support the hypothesis
of pre-condition to communal behavior. Nests made of mud obtained by softening
soil with water may be reusable, as well as persistent in the environment. Paragenia
argentifrons, Macromeris violacea, Auplopus semialatus, and Machaerothrix
tsushimensis, have been observed reusing mud nests (Williams 1919; Wcislo et al.
1988; Shimizu 2004). Hence, the reuse of mud nests favors females that remain on
their natal nest, which allow nest sharing and social interactions among adults
(Matthews 1991).
Nest building by gathering mud pellets and fashioning them into a cell is
presumably costly in terms of time and energy. However, parasitoid/predator
protection is a strong selective advantage of nesting in a concealed mud cell.
Parasitism can be a significant pressure. Kimsey (1980) described a communal
Auplopus nest in Panama with 18% of the 95 cells parasitized. In this sense, siblings
would assist not only in construction, but also in watching nesting sites while other
females forage. Thus, in pompilids, social evolution may have occurred via a
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semisocial route rather than a subsocial route (Lin and Michener 1972) as in Vespidae
species. More complex modes of sociality, however, have never evolved in
Pompilidae because of their natural history. Overlap of generations by progressive
feeding has never evolved in wasps that provision their nests with a single prey item.
The origin of communalism in pompilids was recent (Pliocene-Quaternary) and
repeated; it is likely similar ecological environmental pressures led to communalism
in different lineages of mud-nesting pompilids.
Ageniellini is an ideal group of Hymenoptera to evaluate stepwise evolution
and evolution of parasociality, as they may provide insights into possible steps and
routes to eusociality. Unfortunately, Pompilidae species lack records of detailed
observations on behavior. Most of the available studies are restricted to North
American species (see Kurczewski and Edwards 2012 for review), or were reported
in the last century – and sometimes identification is unreliable because of several
nomenclatural changes in the group. Intraspecific variation is known, but not well
reported, raising several questions and giving few answers. Finally, information on
the number and size of communal/aggregated individuals, dimorphism, and
dominance are rare in Pompilidae literature and therefore, insufficient to be further
explored at this time.
DIVERSIFICATION OF MUD-NESTERS
Mud nesting is a major evolutionary innovation, and as such it is expected to
favor adaptation and speciation in the group. If mud nesting were an ecological
opportunity that offered a new adaptive zone, then a clade that could exploit this new
adaptive zone might diversify at a high rate. As predicted, we found a significant
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increase in speciation rate, above the expected for a null Yule hypothesis of
diversification. The variation occurred around 9 Ma, Miocene. This time corresponds
with the diversification of the origin of the majority of the mud nesting clades.
However, shifting in diversification rate has not been tested and further conclusions
cannot be made at this time. We hypothesize that mud nesting had an important role
in diversification rates of Ageniellini, but more tests are needed.
UNEXPECTED PHYLOGENETIC PATTERNS AND THE ETHOCLINE
HYPOTHESIS
Our results challenge the conventional view of trait evolution and evolution of
behavior in Hymenoptera. If the ethocline hypothesis is true, we would expect
character states to evolve in an ordered fashion. We would also assume no
homoplasies, such as reversals and multiple origins. Parsimony, ML and stochastic
character mapping of prey and nesting in Ageniellini revealed that reversals and
independent transitions compose the evolutionary history of these traits. Moreover,
reversals to “simple” states are more likely than vice-versa, as shown in the stochastic
analyses (characters 1, 2, and 3). Our data do not support an ordered-linear
evolutionary reconstruction of complex states of innate behavior for Ageniellini
spider wasps. Instead, the six characters studied revealed complex origins, probably
influenced by environmental and prey pressures. Rather than a stepwise progression
of more specialized behavior, as proposed by Evans (1953), Iwata (1976) and others,
we show evidence that seemingly intermediate behavioral states are sometimes
skipped (e.g. characters 2, 4, and 6). However, the problem of unobserved transitional
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states may be exacerbated by incomplete sampling of extant species, given that we
sampled only <10% of known Ageniellini species.
Other recent investigations that use phylogenetic approaches have found that
the historical ethocline view has failed in different aspects. Gibbs et al. (2012) found
a dual origin of social parasitism in a genus of halictid bees; Gomez-Mestre et al.
(2012) found that frogs frequently bypass many seemingly intermediate stages in the
evolution of direct development. Tanner et al. (2011) found a pattern of increasing
complexity of courtship in Melittobia wasps, although some stages were skipped.
Environmental factors should be explored to uncover selective forces leading
to the evolution of different nesting behavior. Complex characters are frequently
shown to experience multiple origins, reversals and re-acquisitions of states. In
conclusion, a model of consistent stepwise evolution toward sociality, or the ethocline
hypothesis, is not supported in Ageniellini.
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Table 5.1. Voucher and collection information for specimens in the molecular
analyses, and GenBank accession number for sequences.
GenBank Accession Numbers
Species name

ID

Ageniella accepta

PO71

Ageniella agenioides

PO44

Ageniella amazonica

PO806

Ageniella arcuata

PO142

Ageniella bruesi

PO542

Ageniella comes

PO505

Ageniella coronata

PO75

Ageniella cupida

PO743

Ageniella domingensis

PO543

Ageniella fabricii

PO539

Ageniella fallax

PO535

Ageniella longula

PO772

Ageniella nivalis

PO803

Ageniella partita
(arcuata)

PO742

Ageniella placita

PO354

Ageniella salti

PO517

Ageniella
sanguinolenta

PO507

Ageniella
sanguinolenta

PO812

Ageniella sp.

PO527

Ageniella sp.

PO916

Ageniella sp.

PO516

Ageniella sp.

PO504

Collection

28S

EF-1α

LWRh

Pol2

Wg
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Ageniella sp.

PO753

Ageniella sp.

PO180

Ageniella sp.

PO66

Ageniella sp.

PO514

Ageniella sp.

PO526

Ageniella vogelli

PO418

Ageniella zeteki

PO512

Auplopus adjunctus

PO78

Auplopus architectus

PO409

Auplopus architectus

PO1

Auplopus bimaculatus

PO680

Auplopus caerulescens

PO3

Auplopus carbonarius

PO410

Auplopus laeviculus

PO683

Auplopus mellipes

PO2

Auplopus provida

PO272

Auplopus smithi

PO265

Auplopus sp.

PO350

Auplopus sp.

PO675

Auplopus sp.

PO677

Auplopus sp.

PO294

Auplopus sp.

PO676

Auplopus sp.

PO685

Cryptocheilus idoneum

PO62

Cryptocheilus
terminatus

PO283

Cyemagenia indica

PO999

Cyemagenia sp.

PO876
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Diplonyx campanulatus

PO970

Entypus unifasciatus

PO184

Eragenia amabilis

PO534

Eragenia congrua

PO552

Eragenia dentata

PO430

Eragenia isolata

PO783

Eragenia micans

PO545

Eragenia oliva

PO427

Eragenia oliva

PO174

Eragenia tabascoensis

PO370

Eragenia villosa

PO582

Hemipepsis
australasiae

PO221

Machaerathrix
clarinervis

PO992

Macromeris sp.

PO256

Macromeris violacea

PO518

Paragenia argentifrons

PO649

Paragenia honesta

PO665

Phanagenia callisto

PO293

Phanagenia bombycina

PO117

Priocnemella
eurytheme

PO369

Priocnemella nobilitata

PO520

Priocnemella ornata

PO502

Priocnessus nuperus

PO286
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Table 5.2. Matrix of coded behavior characters.
Species name and code

ch1

ch2

ch3

ch4

ch5

ch6

Ageniella accepta

PO71

1

1

1

0&1

0

0

Ageniella agenioides

PO44

1

1

1

?

?

0

Ageniella amazonica

PO806

?

?

?

?

?

?

Ageniella arcuata

PO142

1

1&2

1

1

?

0

Ageniella bruesi

PO542

?

?

?

?

?

?

Ageniella comes

PO505

?

?

?

?

?

?

Ageniella coronata

PO75

1

1

1

?

?

0

Ageniella cupida

PO743

?

?

?

?

?

?

Ageniella domingensis

PO543

?

?

?

?

?

?

Ageniella fabricii

PO539

1

0

0

?

?

0

Ageniella fallax

PO535

?

?

?

?

?

?

Ageniella longula

PO772

?

?

?

?

?

?

Ageniella nivalis

PO803

1

0

1

?

?

0

Ageniella partita (arcuata)

PO742

0&1

1&2

0&1

1

?

0

Ageniella placita

PO354

?

?

?

?

?

?

Ageniella salti

PO517

1

0

1

?

?

0

Ageniella sanguinolenta

PO507

?

?

?

?

?

?

Ageniella sanguinolenta

PO812

?

?

?

?

?

?

Ageniella sp.

PO527

?

?

?

?

?

?

Ageniella sp.

PO916

?

?

?

?

?

?

Ageniella sp.

PO516

?

?

?

?

?

?

Ageniella sp.

PO504

?

?

?

?

?

?

Ageniella sp.

PO753

?

?

?

?

?

?

Ageniella sp.

PO180

?

?

?

?

?

?
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Ageniella sp.

PO66

?

?

?

?

?

?

Ageniella sp.

PO514

?

?

?

?

?

?

Ageniella sp.

PO526

?

?

?

?

?

?

Ageniella vogelli

PO418

?

?

?

?

?

?

Ageniella zeteki

PO512

?

?

?

?

?

?

Auplopus adjunctus

PO78

?

?

1

3

1

0

Auplopus architectus

PO409

1

1

1

3

1

0

Auplopus architectus

PO1

1

2

1

3

1

0

Auplopus bimaculatus

PO680

?

?

1

3

1

0

Auplopus caerulescens

PO3

1

2

1

3

1

0

Auplopus carbonarius

PO410

1

2

1

3

1

0

Auplopus laeviculus

PO683

?

?

1

3

1

0

Auplopus mellipes

PO2

?

?

?

?

1

?

Auplopus smithi

PO265

?

?

?

?

1

?

Auplopus sp.

PO350

?

?

?

?

1

?

Auplopus sp.

PO675

?

?

?

?

1

?

Auplopus sp.

PO677

?

?

?

?

1

?

Auplopus sp.

PO294

?

?

?

?

1

?

Auplopus sp.

PO676

?

?

?

?

1

?

Auplopus sp.

PO685

0

0

0

0

0

0

Cryptocheilus idoneum

PO62

0

1

0

0

0

0

Cryptocheilus terminatus

PO283

?

?

?

?

?

?

Cyemagenia indica

PO999

?

?

?

?

?

?

Cyemagenia sp.

PO876

?

?

?

?

?

?

Diplonyx campanulatus

PO970

0

1

0

0

0

0

Entypus unifasciatus

PO184

?

?

?

?

?

?
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Eragenia amabilis

PO534

1

1

0&1

2

0

1

Eragenia congrua

PO552

?

?

?

?

?

?

Eragenia dentata

PO430

?

?

?

?

?

?

Eragenia isolata

PO783

1

?

0&1

?

?

?

Eragenia micans

PO545

?

?

1

?

?

?

Eragenia oliva

PO427

?

?

1

?

?

?

Eragenia oliva

PO174

?

?

?

?

?

?

Eragenia tabascoensis

PO370

?

?

?

?

?

?

Eragenia villosa

PO582

?

?

?

?

?

?

Hemipepsis australasiae

PO221

1

1

1

3

1

2

Machaerathrix clarinervis

PO992

?

?

?

?

?

?

Macromeris sp.

PO256

1

1

1

3

1

2

Macromeris violacea

PO518

1

1

1

3

1

2

Paragenia argentifrons

PO649

?

?

?

?

?

?

Paragenia honesta

PO665

?

?

?

?

?

?

Phanagenia callisto

PO293

1

1&2

1

3

1

0

Phanagenia bombycina

PO117

?

?

1

?

?

?

Priocnemella eurytheme

PO369

?

?

?

?

?

?

Priocnemella nobilitata

PO520

?

?

?

?

?

?

Priocnemella ornata

PO502

1

1

0

0

0

0

Priocnessus nuperus

PO286

1

?

1

1

0

0
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Table 5.3. Maximum likelihood models for ancestral state reconstruction. Likelihood
score, AIC and p-values for test hypothesis are indicated.

Character 1

Character 2

Character 3

Character 4

Character 5

Character 6

Model

Likelihood score

AIC

p-value

ER

-5.41

12.82

0.14

SYM

-5.51

13.02

1.00

ARD

-4.29

12.59

0.12

ER

-18.93

39.86

0.01

SYM

-17.36

40.71

0.08

ARD

-15.83

43.65

0.08

ER

-8.32

18.64

0.69

SYM

-8.75

19.49

1.00

ARD

-8.24

20.47

0.31

ER

-13.08

28.17

0.01

SYM

-12.69

37.38

0.38

ARD

-9.73

43.47

0.01

ER

-7.92

17.83

0.13

SYM

-8.79

19.57

1.00

ARD

-6.77

17.54

0.04

ER

-14.97

31.93

0.04

SYM

-14.06

34.13

0.18

ARD

-12.89

37.78

0.13
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Table 5.4. Stochastic analysis of character state reconstruction.
Expected number of substitutions (ES)
Char
acter

Total

ES [0>1]

ES [0>2]

ES [0>3]

ES [1>0]

ES [1>2]

ES [1>3]

ES [2>0]

ES [2>1]

ES [2- ES [3>3]
>0]

ES [3>1]

ES [3>2]

1

4.73

1.55

-

-

3.18

-

-

-

-

-

-

-

-

2

9.81

0.30

0.32

-

3.45

3.55

-

0.43

1.76

-

-

-

-

3

6.06

2.05

-

-

4.02

-

-

-

-

-

-

-

-

4

5.06

0.52

0.08

0.43

0.56

1.28

0.85

0.05

0.10

0.08

0.35

0.58

0.19

5

6.57

4.44

-

-

2.13

-

-

-

-

-

-

-

-

6

5.20

1.77

2.77

-

0.29

0.07

-

0.26

0.04

-

-

-

-

	
  

Figure 5.1. Molecular phylogeny of Ageniellini inferred from combined analysis of
five nuclear markers using MrBayes. Numbers on nodes are posterior probabilities.
Species currently classified as the same genera share the same color.
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Figure 5.2. Maximum-likelihood ancestral state reconstruction in R. A) Walking
direction during prey transport to nest; B) Host body part held by spider wasp; C)
Amputation of some or all legs of prey; D) Nest construction mechanism; E) Nest
closure; F) Social behavior. Character states and color code are shown on the left.
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Figure 5.3. Parsimony ancestral state reconstruction in Mesquite. A) Walking
direction during prey transport to nest; B) Host body part held by spider wasp; C)
Amputation of some or all legs of prey; D) Nest construction mechanism; E) Nest
closure; F) Social behavior. Character states and color code are shown on the right.
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Figure 5.4. A. Chronogram of Ageniellini species from relaxed-clock analysis in
BEAST. Bars at each node represent 95% highest posterior density (HPD) credibility
intervals; “asterisk” indicates nodes used for calibration. B. Lineage-through-time
plot of Ageniellini (black line). Colored lines correspond to the LTT plots of 1,000
simulated phylogenies under a constant distribution Yule model. Different colors
represent confident intervals, as coded in the figure.
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CHAPTER 6
SUMMARY AND CONCLUSIONS
Spider wasps (Pompilidae) are confirmed as a monophyletic aculeate family
with unique behavior in Hymenoptera. Nesting and prey transport behavior are
complex and evolved throught several steps, including reversions and multiple origins
during Pompilidae evolutionary history. The group is young (47 Ma) and diverse. It
appears to have experienced some episodes of rapid divergence. It is possible that the
increased diversity of spider families at the beginning of the Paleogene helped to
drive the later diversification of Pompilidae (Wilson et al. 2013; Penney 2004). The
taxonomic resolution for spider wasps has been greatly improved in this dissertation
by the incorporation of molecular phylogenetic investigations. Twelve species were
added to its New World fauna and four keys are now available to public and scientific
comunities. In chapters 2, 3, and 4, I improved the knowledge on systematics of
Pompilidae by providing revisions, inventories, pictured keys, sex associations,
phylogenetic relationships, and dated phylogentic analyses.
In chapter 2, the number of recognized spider wasps in the Dominican
Republic was increased. The Dominican Republic is the largest nation on the
Hispaniola Island and the second largest country in Caribbean. This study diminished
the lack of systematic study and confusion regarding the identity of spider wasp
species present in the Dominican Republic, and should provide a foundation on which
future biodiversity studies of surrounding islands can be based.
In chapter 3, I proposed seven subfamilies the family. Previous cladistics
investigations had proposed four (Pitts et al. 2006) and six (Shimizu 1994)
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subfamilies. Pompilidae has accumulated a plethora of generic and specific names
over the years, mostly due to specialists in different regions having studied different
groups, and a lack of worldwide catalogues, revisions, and keys to several genera. I
concluded that spider wasps share a number of morphological features that must be
interpreted as examples of convergence between unrelated lineages. Such
convergence is likely due to ecological factors that have driven similar morphology in
different groups of spider wasps in distinct geographic areas. Spider wasps that hunt
and nest in similar ecological niches are likely to have evolved similar morphological
adaptations (e.g. Ctenocerinae genera, Aporini genera in Pompilinae, and
Lepidocnemis and Abernessia Arlé in Pepsinae). Moreover, it is apparent that several
groups have not accumulated sufficient morphological characters to differentiate
them reliably. These results suggest that morphological features should be evaluated
very carefully when defining and classifying pompilid taxa. Geographical characters
can help in delimiting genera and subfamily clades, as many lineages are restricted to
one or a few zoogeographic regions.
Chapter 4 confirms that the taxonomic status of several genera in Ageniellini
is dubious. The molecular phylogeny uncovered paraphyly for all of the genera
included in this study (Ageniella, Phanochilus and Priocnemella). Shimizu et al.
(2010) had found a polyphyly for these genera. Most of the diagnostic characters
historically used are not exclusive to one taxon, resulting in confusion and misleading
identifications. This is likely true for several other genera in the tribe, and further
investigations are needed in this entire group. Convergence and a possible mimicry
complex were observed in Eragenia, a genus that was restablished.
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Chapter 5 uncovered unexpected phylogenetic patterns in the evolution of
nesting behavior in Ageniellini. The ethocline proposed by Evans (1957) was not
supported by my results. Mud nesting is a major evolutionary innovation, and as such
it is expected to favor adaptation and speciation in the group. Ageniellini originated
around 25.5 Ma and seems to have an increase in diversification around 9 Ma, when
mud-nesting wasps were diversifying in the tribe. Further studies are needed on this
topic.
I conclude that the spider wasps are an ideal group of Hymenoptera in which
to evaluate stepwise evolution and the evolution of parasociality, perhaps providing
insights into possible steps and routes to eusociality. Unfortunately, Pompilidae
species lack records of detailed observations on behavior. Most of the available
studies are restricted to North American species (see Kurczewski & Edwards 2012 for
review), or were conducted in the last century. Intraspecific variation is known but
not well reported, raising some questions, but and few answers. Moreover limitations
in taxonomic and phylogenetic knowledge have impeded research on these insects.
More systematic studies are needed in Pompilidae for a better evolutionary
understanding of this intringuing and diverse family.
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  fauna	
  de	
  vespas	
  
parasitóides	
  (Hymenoptera)	
  da	
  Estação	
  Biológica	
  de	
  Santa	
  Lúcia,	
  Santa	
  Teresa,	
  
Espírito	
  Santo.	
  In:	
  Anais	
  do	
  Congresso	
  Brasileiro	
  de	
  Zoologia,	
  2002,	
  Itajaí,	
  Brazil.	
  

20.

Waichert,	
  C.,	
  Redghieri,	
  E.S.	
  &	
  Azevedo,	
  C.O.	
  Resultados	
  Preliminares	
  dos	
  
gêneros	
  de	
  Bethylidae	
  (Hymenoptera)	
  na	
  Estação	
  Biológica	
  de	
  Santa	
  Lúcia,	
  
Santa	
  Teresa,	
  ES.	
  In:	
  Anais	
  do	
  Congresso	
  Brasileiro	
  de	
  Zoologia,	
  2002,	
  Itajaí,	
  
Brazil.	
  
_____________________________________________________________________________________________	
  
Membership	
  in	
  Scientific	
  Societies	
  
	
  
	
  
	
  

Entomological	
  Society	
  of	
  America	
  	
  
Society	
  of	
  Systematic	
  Biologists	
  
The	
  Willi	
  Henning	
  Society	
  

____________________________________________________________________________________________	
  
Invited	
  Seminars	
  and	
  Workshops	
  
2013	
  

Instructor	
  in	
  the	
  Workshop	
  “Hymenoptera	
  Genera	
  Course”	
  and	
  
“Hymenoptera	
  from	
  Espírito	
  Santo	
  Workshop”.	
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2012	
  
	
   	
  

	
  
2012	
  
	
   	
  

“Phylogenetics	
  and	
  classification	
  of	
  Pompilidae”.	
  Workshops	
  coordinated	
  
by	
  N.E.S.H	
  and	
  supported	
  by	
  CNPq	
  and	
  FAPES.	
  Universidade	
  Federal	
  do	
  
Espírito	
  Santo,	
  Vitória,	
  Brazil.	
  
Invited	
  Speaker.	
  
Seminar	
  “Evolução	
  do	
  comportamento	
  de	
  nidificação	
  em	
  vespas	
  caça-‐
aranhas	
  (Hymenoptera:	
  Pompilidae:	
  Ageniellini)”	
  –	
  Department	
  of	
  
Biology,	
  Animal	
  Biology	
  Graduate	
  Program,	
  Universidade	
  Federal	
  do	
  
Espírito	
  Santo,	
  Vitória,	
  Brazil.	
  
Instructor	
  in	
  Workshop.	
  
	
  “Evolução	
  do	
  comportamento	
  social	
  em	
  insetos”	
  at	
  the	
  1˚	
  Simpósio	
  de	
  
Evolução	
  da	
  UFES	
  (First	
  Symposium	
  of	
  Evolution	
  of	
  UFES),	
  Vitória,	
  
Espírito	
  Santo,	
  Brazil.	
  	
  

____________________________________________________________________________________________	
  
Reviewer	
  in	
  Peer-‐reviewed	
  Journals	
  	
  
	
   	
  
Zootaxa	
  
	
   	
  
ZooKeys	
  
_____________________________________________________________________________________________	
  
Attended	
  Workshops	
  
2014	
  
2013	
  

NGS	
  for	
  Phylogenetics,	
  Phylogeography	
  &	
  Population	
  Genetics.	
  Yale	
  
University,	
  New	
  Haven,	
  Connecticut,	
  USA.	
  
The	
  Hymenoptera	
  Genera	
  Course,	
  Vitória,	
  Brazil.	
  (Vespoidea	
  and	
  
Chrysidoidea)	
  

_________________________________________________________________________________________________	
  
Media	
  Coverage	
  
2014	
  

Noticias	
  del	
  Ciencia	
  –	
  “Descubren	
  en	
  Brasil	
  dos	
  impresionantes	
  especies	
  
de	
  avispa	
  hasta	
  ahora	
  desconocidas”.	
  
http://noticiasdelaciencia.com/not/9053/	
  

2014	
  

Mongabay.com	
  –	
  “Two	
  new	
  wasp	
  species	
  found	
  hidden	
  in	
  museum	
  
collections”.	
  http://news.mongabay.com/2014/0224-‐sutherland-‐two-‐
new-‐wasp-‐species-‐museum.html	
  

2013	
  

The	
  Herald	
  Journal,	
  USA	
  –	
  “USU	
  researchers	
  identify	
  new	
  South	
  American	
  
wasp	
  species”.	
  http://news.hjnews.com/news/article_6a950e90-‐6783-‐11e3-‐
bfbd-‐0019bb2963f4.html	
  

2013	
  

Revista	
  Pesquisa	
  FAPESP,	
  Brazil	
  –	
  “Duas	
  novas	
  vespas	
  caça-‐aranha”.	
  
http://revistapesquisa.fapesp.br/2013/12/18/duas-‐novas-‐vespas-‐caca-‐
aranha/	
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2013	
  	
  

Utah	
  State	
  Today	
  –	
  University	
  News,	
  USA	
  –	
  “USU	
  Entomologists	
  Discover	
  
Two	
  New	
  Wasp	
  Species	
  in	
  Brazil”.	
  
http://www.usu.edu/ust/index.cfm?article=53463	
  

2013	
  

Sci-‐News.com	
  –	
  “Two	
  new	
  species	
  of	
  wasps	
  discovered	
  in	
  Brazil”.	
  
http://www.sci-‐news.com/biology/science-‐new-‐species-‐wasps-‐brazil-‐
01573.html	
  

2013	
  

Pensoft	
  News	
  –	
  “2	
  new	
  beautiful	
  wasp	
  species	
  of	
  the	
  rare	
  genus	
  Abernessia”	
  
http://www.pensoft.net/news.php?n=333&SESID=3b1397cd65d8df6c16c33
512977e1f4b	
  

_________________________________________________________________________________________________	
  
Synergistic	
  Activities	
  
2013	
  

Displayer	
  at	
  the	
  Fear-‐no-‐Weevil,	
  event	
  organized	
  by	
  the	
  Insect	
  Club,	
  
USU.	
  Logan,	
  UT.	
  

2013	
  –	
  2014	
   Monitor	
  for	
  Insect	
  Tours	
  at	
  Entomological	
  Collection	
  at	
  USU.	
  Logan,	
  UT.	
  	
  
2012	
  

Presenter	
  for	
  High	
  School	
  program	
  “Jovens	
  Pesquisadores”.	
  Seminar:	
  “Os	
  
invertebrados”,	
  Santa	
  Teresa,	
  Brazil.	
  

2011	
  

Hymenoptera	
  Bioblitz,	
  Great	
  Basin	
  National	
  Park,	
  Baker,	
  Nevada.	
  2011.	
  
Collector	
  and	
  presenter,	
  seminar:	
  “Hymenoptera	
  Collecting	
  Methods”	
  –	
  
Boehme,	
  N.F.	
  and	
  Waichert,	
  C.	
  

2010	
  

Displayer	
  at	
  the	
  “Baby	
  Animal	
  Day”,	
  “The	
  Insects”,	
  Logan,	
  UT.	
  

2007	
  –Present	
   Associate	
  researcher.	
  Entomological	
  collection	
  of	
  Universidade	
  Federal	
  
do	
  Espírito	
  Santo,	
  Vitória,	
  ES,	
  Brazil	
  
2004	
   	
  

Meeting	
  Organizer,	
  II	
  Biology	
  Meeting	
  of	
  Espírito	
  Santo,	
  Vitória,	
  Brazil.	
  

2000	
  –	
  2001	
   Volunteer	
  as	
  curator	
  assistant	
  in	
  the	
  Entomological	
  collection	
  of	
  
Universidade	
  Federal	
  do	
  Espírito	
  Santo,	
  Vitória,	
  ES,	
  Brazil.	
  
_________________________________________________________________________________________________	
  
Insect	
  Identification	
  and	
  Museum	
  Curation	
  	
  
I	
  have	
  studied	
  or	
  worked	
  in	
  the	
  following	
  insect	
  collections.	
  	
  
1.

Universidade	
  Federal	
  do	
  Espirito	
  Santo,	
  Vitoria,	
  ES,	
  Brazil.	
  Contact:	
  Celso	
  
Azevedo.	
  

2.

Utah	
  State	
  University	
  Entomological	
  Museum,	
  Logan,	
  UT,	
  USA.	
  Contact:	
  James	
  
Pitts,	
  Wilford	
  Hanson.	
  	
  

3.

Florida	
  State	
  Collection	
  of	
  Arthropods,	
  Gainesville,	
  FL,	
  USA.	
  Contacts:	
  Jim	
  
Wiley,	
  Lionel	
  Stange.	
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4.

American	
  Museum	
  of	
  Natural	
  History,	
  New	
  York,	
  NY,	
  USA.	
  Contact:	
  Christine	
  
LeBeau.	
  

5.

“The	
  Bug	
  Closet”,	
  University	
  of	
  Central	
  Florida,	
  Orlando,	
  FL,	
  USA.	
  Contacts:	
  
Stuart	
  Fullerton,	
  Shawn	
  Kelly.	
  

6.

Museum	
  of	
  Zoology,	
  University	
  of	
  Michigan,	
  Ann	
  Arbor,	
  MI,	
  USA.	
  Contact:	
  Mark	
  
O’Brein.	
  

7.

Cornell	
  University	
  Insect	
  Collection,	
  Ithaca,	
  NY,	
  USA.	
  Contacts:	
  E.R.	
  Hoebeke,	
  
James	
  Liebherr.	
  

8.

Field	
  Museum	
  of	
  Natural	
  History,	
  Chicago,	
  IL,	
  USA.	
  Contact:	
  James	
  Boone.	
  

9.

United	
  States	
  National	
  Entomological	
  Collection,	
  Smithsonian	
  Institute,	
  
Washington,	
  DC,	
  USA.	
  Contact:	
  Brian	
  Harris.	
  

10.

Carnegie	
  Museum	
  of	
  Natural	
  History.	
  Pittsburgh,	
  PA,	
  USA.	
  Contact:	
  John	
  
Rawlins.	
  

11.

American	
  Entomological	
  Institute,	
  Gainesville,	
  FL,	
  USA.	
  Contact:	
  David	
  Wahl.	
  

12.

Museum	
  of	
  Comparative	
  Zoology,	
  Harvard	
  University,	
  Cambridge,	
  MA,	
  USA.	
  
Contacts:	
  Phillip	
  Perkins,	
  Stefan	
  Cover.	
  

13.

Museu	
  Paraense	
  Emilio	
  Goeldi,	
  Universidad	
  Federal	
  do	
  Para,	
  Belem,	
  PA,	
  Brazil.	
  
Contact:	
  Osvaldo	
  Silveira.	
  

14.

Peabody	
  Museum	
  of	
  Natural	
  History,	
  Yale	
  University,	
  New	
  Haven,	
  CT,	
  USA.	
  
Contact:	
  Raymond	
  Pupedis.	
  

15.

Universidad	
  Estadual	
  do	
  Feira	
  de	
  Santana,	
  Feira	
  de	
  Santana,	
  BA,	
  Brazil.	
  
Contact:	
  Sergio	
  Andena.	
  

16.

Academy	
  of	
  Natural	
  Sciences,	
  Philadelphia,	
  PA,	
  USA.	
  Contact:	
  Jason	
  Weintraub.	
  

17.

Centro	
  de	
  Pesquisas	
  do	
  Cacau,	
  CEPEC,	
  Ilheus,	
  BA,	
  Brazil.	
  Contact:	
  Jaques	
  
DeLabie.	
  

18.

“Raymond	
  Wahis	
  Collection”,	
  Liege,	
  Belgium.	
  Contact:	
  Raymond	
  Wahis	
  	
  

